This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


UM 


III. '  <• ::::: 


B-t-^iM 


w^  ■^\\ 


The  American 
journal  of  science 


HARVARD  UNIVERSITY 


LIBRARY  OF  THE 

MINERAL06ICAL 
LABORATORY 

UNIVERSITY  MUSEUM 


Google 


m 


Digitized  by  LjOO^IC 


HARVARD  UNIVERSITY 


LIBRARY  OF  THE 

MINERALOGICAL 
LABORATORY 

UNIVERSITY  MUSEUM 


Google 


Digitized  by  LjOO^IC 


J 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


THE 

AMBRIOAlSr 

JOURNAL  OF  SCIENCE. 

Editor:  EDWABD   S.  DANA. 

ASSOCIATE  EDfTORB 

PRorRssoBS  GEOBGE  L.  GOODALE,  JOHN  TBOWBBmOE, 
W.  G.  FABLOW  AND  WM.  M.  DAVIS,  or  OAMBRmas, 

PRonssoRS   ADDISON   E.   VEBBILL,   HOBAOE   L.   WELLS, 
L.  V.  PIBSSON  AND  H.  E.  GBEGOBY,  or  Nrw  Hatrh, 

PRorsssoR  HENBT   S.   WILLIAMS,  or  Ithaoa, 
PRorESSOR  JOSEPH  S.  AMES,  or  Baltihorb, 
Mr.  J.  S.  DILLEB,  or  WASHmoroN. 


FOVBTE    SEBIES 
VOL.  XXXII-[WHOLE  NUMBER,  CLXXXII.] 


NEW  HAVEN,   CONNECTICUT. 
1911. 


Digitized  by 


Google 


THE  TUTTLE,   MOREHOUSE  A  TAYLOR  COMPANY, 
NEW  HAVEN. 


Digitized  by 


Google 


CONTENTS    TO   VOLUME   XXXII. 


NumlDer  187. 

Page 

Art.  I. — Open -Air  Telescope;  by  D.  Todd 1 

II. — New  lype  of  Mercury  Air-Pump  ;  by  S.  R.  Williams-  13 
III. — Structural  Relations  between  tbe  Quincy  Granite  and 

Adjacent  Sedimentary  Formations  ;  by  G.  F.  Loughlin  17 
IV. — Problem  of  Xeromorphy  in  the  Vegetation  of  the  Car- 

boniferous'Period  ;  by  A.  Dachnowski 38 

V. — Discussion  of  the  Formulas  of  Pearceite  andPolybasite; 

by  F.  R.  VanHobn 40 

VI. — Cerussite  Twins  from  the  Begona  Mine,  Cerro  de  San 

Pedro,  San  Luis  Potosi,  Mexico  ;  by  W.  F.  Hunt  and 

F.  R.  VanHobn 45 

VII. — Eglestonite  from  San  Mateo  County,  California;  by 

A.  F.  RooBBS 48 

VIIL— Hydrolysis  of  Metallic  Alkyl  Sulphates ;  by  W.  A. 

Dbubhkl  and  G.  A.  Linhabt 61 

SCIENTIFIC  INTELLIGENCE. 

Chemistry  and  Phynca — New  Volumetric  Method  for  Manganese,  Mbtzobr 
and  Marbs  :  Sulphite  Method  for  Separating  and  Identifying  Strontinm 
andCalcinm,  J.  I.  D.  Hinds,  61. — Sketch  of  a  Course  of  Chemical  Philos- 
ophy, S.  Cannizzaro  :  Qoalitative  Chemical  Analysis,  O.  F.  Tower,  62. — 
Flames  of  Low  Temperature  supported  by  Ozone,  R.  J.  Strtttt,  68. — 
Chemically  Active  Modification  of  Nitrogen,  Strutt,  65. — Extremely 
Long  Waves,  emitted  by  the  Quartz-Mercury  Lamp,  Rubens  and  von 
Bajcybr  :  Prinzipien  der  Atomdynamik,  J.  Stark,  67. — Pjessure  of  Light, 
J.  H.  PoYNTiNO :  Physics.  C.  R.  Mann  and  Q.  R.  Twiss  :  Principles  of 
Electro  Deposition,  S.  Field,  68. 

Otology  and  Mineralogy — United  States  Geological  Survey,  69. — Topo- 
graphic and  Geologic  Survey  of  Pennsylvania  :  North  Carolina  Geological 
and  Economic  Survey  :  The  Ice  Age  in  North  America,  G.  F.  Wright, 
70.— Characteristics  of  Existing  Glacien.  W.  H.  Horbs,  71.— Variations 
P^riodiques  des  Glaciers,  XV'"^  rapport,  1909,  Ed.  Bruckner  :  Physik  der 
Erde,  M.  P.  Rudzki,  72. — Geological  Survey  of  Sweden :  Fossils  and 
Stratigraphy  of  the  Middle  Devonio  of  Wisconsin,  H.  F.  Cleland,  73. — 
Cambrian  Geology  and  Paleontology,  II,  C.  D.  Walcott  :  Carboniferous 
Flora  of  North-Extern  Greenland,  A.  G.  Nathorst,  74. — Trenton  Echino- 
derm  Fauna  at  Kirkfield,  Ontario,  F.  Springer  :  Geology  of  the  Thousand 
Islands  Region  :  Geology  of  the  Poughkeepsie  Quadrangle,  C.  £.  Gordon, 
75. — Recently  Described  Minerals,  76. — Bismuth  Ochers  from  California, 
W.  T.  ScHALLER :  Natural  Classification  of  Igneous  Rocks,  W.  Cross,  77. 

Botany— Botanical  Survey  of  the  Galapagos  Islands,  78. — Blumen  und 
Insecten,  O.  von  Kirchnbr  :  Pines  of  Australia,  R.  T.  Baker  :  Plant-Life 
on  Land,  F.  O.  Bower,  79.— Monograph  of  the  British  Lichens,  A.  L. 
Smith,  80. 

Miscellaneous  Scientific  Intelligence — Report  of  the  Superintendent  of  the 
Coast  and  Geodetic  Survey,  O.  H.  Tittmann  :  Directions  for  Magnetic 
Measurements.  D.  L.  Hazard,  80. — U.  S.  National  Museum,  R.  Rathbun 
Frost  Data  of  the  United  States,  P.  C.  Day  :  Carnegie  Institution  of  Wash- 
ington, 81. — National  Academy  of  Sciences  :  American  Indian  Languages, 
F.  Boas  :  Nature  of  Enzyme  Action,  W.  M.  Bayliss  :  £tude  de  L' Atmos- 
phere Marine  par  Sondages  A^riens.  etc.,  82. — Science  Progress  in  the 
Twentieth  Century :  Science  from  an  Easy  Chair,  R.  Lanksster  :  Konsti- 
tution  der  Protistenkeme,  M.  Hartmann,  83.— Descriptive  Geometry, 
Church  and  Bartlett  :  Power,  C.  E.  Lucke,  84. ' 

Obituary— 1^,  Story-Maskelynb  :  A.  B.  Tornebohm  :  C.  G.  Prinqle  :  W. 
R.  Dudley  :  Mrs.  W.  P.  Fleming,  84. 


Digitized  by  LjOOQIC 


IV  CONTKNT8. 


Number  188. 

Pafire 

Abt.  IX. — Experimental  luvestigation  on  the  Reflection  of 
Light  at  Certain  Metal-Liquid  Surfaces ;  by  L.  P. 
Wheeler 86 

X. — Recent  Gravity  Work  in  the  United  States ;  by  W. 
Bowie 101 

XL — Crystal  Forms  of  Pyromorphite  ;  by  O.  Bowles 114 

XIL — Some  New  Mechanical  Quadratures  ;  byG.  F.Becker  117 

XIII. — Comparative  Age  of  the  Recent  Crinoid  Faunas ; 
by  A.  H.  Clark 127 

XIV. — Study  of  Some  American  Fossil   Cycads.     Part   V. 

Further  Notes  on  Seed  Structures ;  by  G.  R.  Wieland  133 

XV. — New  Locality  of  Pyrrhotite  Crystals  and  their  Pseu- 

domorphs  ;  by  C.  H.  Smyth,  Jr 156 

XVI. — Ferritungstite,  a  New  Mineral ;  by  W.  T.  Schaller  161 

XVII. — Method  of  Removing  Tests  from  Fossils  ;  by  S.  S: 

BUCKMAN 163 

XVni. — Decomposition  of  the  Cerium  Earth  Double  Sul- 
phates with  the  Alkali  Sulphates  by  Fusion  with  Char- 
coal ;  by  P.  E.  Browning  and  P.  L.  Blumenthal  . . . .  164 

SCIENTIFIC  INTELLIGENCE. 

Geology  and  Mineralogy — La  Granodiorita  de  Concepcion  del  Oro  en  el 
Estado  de  Zacatecas,  y  bus  Formaciones  de  Contacto,  A.  Beroeat  :  Foar- 
teenth  Annual  Report  of  the  Geological  CommiBsion  of  the  Cape  of  Good 
Hope  for  1909,  166. — Norwegian  Geological  Survej  :  State  of  Tennessee, 
State  Geological  Survey :  Handbuch  der  Mineralogie,  C.  Hintzb  :  Cata- 
logue of  the  Minerals  of  Tasmania,  W.  F.  Pbtterd  :  Minerals  of  Guana- 
juato, Mexico,  E.  Wittich,  167. — Minerals  from  the  Belgian  Congo,  H. 
Buttobnbach  :  Die  Anwendung  der  stereographischen  Projektion  bei 
kristallographischen  Untersuchungen,  H.  E.  Boeke,  168. 

Miscellaneous  Scientific  Intelligence — Second  Course  in  Algebra,  H.  E. 
Hawkes,  W.  a.  Luby  and  F.  C.  Touton  :  Les  Progrds  et  L*Evolution  de 
L^Astronomie,  J.  Mascaut,  168. 


Digitized  by 


Google 


CONTENTS. 


Number  189. 

Page 

Abt.  XIX. — The  Probable  Influence  of  the  Soil  on  Local 

Atmospheric  Radioactivity  ;  by  J.  C.  Sandbbson 169 

XX. — Mineralization  of  thd  Gold-bearing  Lode  of  Passagem, 
Minas  Geraes,  Brazil ;  by  O.  A.  Debby 186 

XXI. — A  Notable  Brazilian  Diamond  ;  by  O.  A.  Debby. ..   191 

XXII. — Association   of  Rutile  and   Cyanite  from  a   New 

Locality;  by  T.  L.  Watson  and  J.  H.  Watkins 195 

XXIIL— Seventh   Paper  on   the   Heat   of  Combination  of 

Acidic  Oxides  with  Sodium  Oxide  ;  by  W.  G.  Mixteb..  202 

XXIV. — Rates  of  Solution  of  Certain  Metals  in  Dissolved 
Iodine,  and  their  Relation  to  the  Diffusion  Theory ;  by 
R.  G.  Van  Name  and  R.  S.  Boswobth 207 

XXV. — Cross-bedding  and  Absence  of  Fossils  Considered  as 

Criteria  of  Continental  Deposits;  by  E.  M.  Kindle .._  225 

XXVI. — Detection   of  Sympathetic    Vibrations   of   Small 

Amplitude  by  Interference  Methods ;  by  J.  S.  Stevens  231 

scientific  intelugence. 

Ci'eo/ogry—Kristallmen  Schiefer  dee  Laacher  Seegebietes  und  ihre  Umbildung 
zn  Saoidinlt,  R.  Brauns  :  British  and  Foreign  Building  Stones,  J. 
Watson,  232. — Kontaktmetamorphose  im  Eristianiagebiet,  Y.  M.  Gold- 
scHMiDT,  233. — Grandztige  der  Palaontologie  (Palttozoologie),  K.  A.  von 
Zimci.,  234. 

Mi8ceUaneou8  Scientific  Intelligence — Las  Sommes  des  Pi^mes  Pnissances 
Distinctes  Egales  k  une  Pi^me  Puissances,  E.  Barbette,  234. — The  Gram- 
mar of  Science,  K.  Pearson,  235. — Marriage,  Totemism  and  Religion, 
Lord  Ayeburt  :  Smithsonian  Physical  Tables,  F.  E.  Fowle  :  Royal 
Academy  of  Sciences  of  Tarin :  Catalogue  of  the  Lepidoptera  PhalsBnaB 
in  the  British  Museum:  Bureau  of  American  Ethnology,  Smithsonian 
Institution :  The  Sarawak  Museum  Journal :  Eighth  Annual  Report 
Rhodesia  Museum,  236. 


Digitized  by 


Google 


VI  00NTKNT8. 


NumlDer  190. 

Page 

Art.  XXVII. — Recent  Stream  Trenching  in  the  Semi-arid 
Portion  of  Southwestern  New  Mexico,  a  Result  of  Re- 
moval of  Vegetation  Cover  ;  by  J.  L.  Rich 237 

XXVIII. — Qualitative  Detection  of  Certain  Elements  which 
form  Insoluble  Sulphates :  Barium,  Strontium,  (Cal- 
cium,) and  Lead ;  by  P.  E.  Browning  and  P.  L.  Blu- 

MENTHAL _    246 

XXIX.— Modified  Procedure  for  the  Detection  of  Silicates, 

Fluorides,  and  Fluosilicates  ;  by  P,  E.  Browning 249 

XXX. — Hinsdalite,  a  new  mineral ;  by  E.  S.  Larsen,  Jr. 

and  W.  T.  Schaller 251 

XXXI. — Hunton  Formation  of  Oklahoma  ;  by  C.  A.  Reeds  266 

XXXII. — Study  of  the  Time  Interval  in  a  Protective  or 
Circuit  Breaking  Device  ;  by  C.  N.  Wenrich 269 

XXXIII. — Some   Herderite   Crystals  from  Auburn,  Maine  ; 

by  W.  E.  Ford 283 

XXXIV. — Mineral  Notes  from  the  Mineralogical  Labora- 
tory of  the  Sheffield  Scientific  School ;  by  W.  E.  Ford, 
etc 287 

XXXV.--Twenty-Foot  Terrace  and  Sea-Cliff  of  the  Lower 

Saint  Lawrence  ;  by  J.  W.  Goldthwait 291 

SCIENTIFIC  INTELLIGENCE. 

Chemistry  and  Physics — Chemically  Active  Form  of  Nitrogen  Produced  by 
the  Electric  Discharge,  R.  J.  Strutt  :  Grayimetric  Determination  of  Flu- 
orine, G.  Starck,  318.— Uraninm  Hezafinoride,  Ruff  and  Heinzblmann: 
Nitrification  by  ITltra-Tiolet  Rays,  Bebthelot  and  Gaudechon  :  Electric 
Furnace  for  Chemical  Purposes,  Fischer  and  Tiede,  319.— Aqua  Regia, 
Pbiwoznik,  820. 

Oeology  and  Aftnerato^y— Publications  of  the  United  States  Geological  Sur- 
vey, 320.— Cambrian  Faunas  of  China,  C.  D.  Walcott  :  Middle  Cambrian 
Holothurians  and  MedussB,  C.  D.  Walcott  :  Crinoid  Fauna  of  the  Enob- 
stone  Formation,  F.  Springer,  322.  —  Waverlyan  Period  of  Tennessee,  R. 
S.  Bassler  :  Vuloanische  Erscheinungen  der  Erde,  K.  Scbneiosr  : 
Some  Mineral  Constituents  of  a  Dusty  Atmosphere,  W.  N.  Hartley, 
323. — Crystallography  and  Practical  Crystal  Measurement,  A.  E.  H. 
TuTTON,  325. 

Miscellaneous  Scientific  Intelligence — Mendelism,  R.  C.  Punnett,  325.— 
Plant- Animals :  A  study  in  Symbiosis,  F.  Kesble  :  Allgemeine  Verer- 
bungslehre,  Y.  Habckbr,  326. — Publications  of  the  Carnegie  Institution 
of  Washington :  Publications  of  the  Harvard  College  Observatory  :  United 
States  Naval  Observatory,  327. — Publications  of  the  Allegheny  Observa- 
tory of  the  University  of  Pittsburgh  :  British  Association  for  the  Advance- 
ment of  Science :  Annual  Report  of  the  Board  of  Scientific  Advice  for 
India  for  the  Year  1909,  1910  :  Seismological  Society  of  America,  328. 


Digitized  by 


Google 


CONTENTS.  Vll 

NTimber  191. 

Page 

Art.  XXXVI. — Several  Lecture  Experiments  in  Elementary 

Physics  ;  by  D.  A.  Kbbideb 329 

XXXVll. — Faunal  Succession  in  the  Port  Clarence  Lime- 
stone, Alaska ;  by  E.M.  Kindle 335 

XXXVIII. — Some  Factors  Influencing  the  Percentages  of 
Mineral  Plant  Foods  Contained  in  Soils  ;  by  O.  D.  von 
£ng£Ln 350 

XXXIX.— Alunite-Beudantite  Group  ;  by  W.  T.  Schallke  359 

XL. — Electrolysis  of  Sodium  Chloride  with   the   Mercury 

Cathode;  by  C.  A.  Peters 365 

XLI. — Reactions  in  a  System  of  Nickel  or  Platinum,  Mer- 
cury, and  Sodium  Chloride  ;  by  C.  A.  Peters 386 

XLII. — Remarks   on    the   Paper  by  L.   A.    Bauer :    "  On 

Gravity  Determinations  at  Sea  " ;  by  O.  Heckbr 388 

SCIENTIFIC  INTELLIGENCE. 

Chemistry  and  Physics — Volumetric  Determination  of  Iron  and  Vanadiam, 
M0LLKB  and  Dieffbnthausr  :  Passive  State  of  Metals,  E.  Grave,  393. — 
Combinations  of  Metallic  Chlorides,  G.  Herrmann  :  New  Method  for  the 
Separation  of  Cerinm  from  other  Earths,  C.  James  and  L.  A.  Pratt  : 
Composition  of  the  Atmosphere  after  the  Passage  of  Halley's  Comet,  G. 
Claude  :  Modem  Science  Header,  with  Special  Reference  to  Chemistry, 
E.  M.  Bird,  384. — Volumetric  Analysis,  F.  Sutton  :  Principles  of  Physics, 
W.  F.  Magib  :  Direct  and  Alternating  Current  Manual,  F.  Bedell  and 

C.  A.  Pierce,  395.— Applied  Electrochemistry,   M.  de  Eat  Thompson  : 
Der  electrische  Lichthogen,  H.  Th.  Simon,  396. 

Otology  and  Mineralogy — Notes  on  the  Geology  of  the  Gulf  of  St.  Lawrence, 
J.  M.  Clarke  :  Observations  on  the  Magdalen  Islands,  J.  M.  Clarke  ;  and 
The  Carhonic  Fauna  of  the  Magdalen  Islands,  J.  W.  Beede  :  New  Ameri- 
can Fossil  Crinoids,  F.  Springer:  Middle  Cambrian  Annelids,  C.  D. 
Walcott,  397. — Extent  of  the  Anderdon  beds  of  Essex  County,  Ontario, 
T.  Nattress  :  Connecticut  Geological  and  Natural  History  Survey,  Volume 
III,  Bulletins  13-15  :  Production  of  Gems  and  Precious  Stones  in  1910, 

D.  B.  Sterrett,  898.— Crystalline  Symmetry  of  the  Diamond,  A.  L.  W.  E. 
VAN  DER  Veen  :  Rock  Minerals,  J.  P.  Iddinos,  399. 

Miscellaneous  Scientific  Intelligence— LAugley  Memoir  of  Mechanical  Flight, 
C.  M.  Manlt,  400.  —A  Treatise  on  Hydraulics,  H.  J.  Hughes  and  A.  T 
Safford  :  Pure  Foods ;  their  Adulteration,  Nutritive  Value  and  Cost, 
J.  C.  Olsen,  401. — Physikalische  Chemie  der  Zelle  und  der  Gewebe,  R. 
HoBER  :  Guide  to  the  Exhibition  in  the  British  Museum  of  Natural  History 
of  Animals,  Plants,  and  Minerals  mentioned  in  the  Bible,  402. 

Obituary — F.  J.  Jervis-Smith  :  M.  Pierre  Emile  Lev  assent,  402. 


Digitized  by 


Google 


Vm  CONTENTS. 


Number  192. 

Page 

Art.  XLlir. — EraiBsion  of  Electrons  by  Metals   under  the 

Influence  of  Alpha  Bays  ;  by  H.  A.  Bumstead 403 

XLIV. — Some  Minerals  from  Beaver  County,  Utah  ;  by  B. 

S.  BuTLEB  and  W.  T.  Schalleb 418 

XLV. — Method  of  Determining  the  Density  of  Minerals  by 
means  of  Rohrbach's  Solution  having  a  Standard  Refrac- 
tive Index  ;  by  H.  E.  Merwin 426 

XLVI. — Quartz  and  Fluorite  as  Standards  of  Density  and 

Refractive  Index  ;  by  H.  E.  Mebwin 429 

XLVIL—Williamsonian' Tribe;  by  G.  R.  Wieland 433 

SCIENTIFIC  INTELLIGENCE. 

Chemistry  and  Physicg — Arsenides  of  Iron  and  Manganese,  Hilpebt  and 
DiECKMANN :  Enrichment  of  Radio-active  Substances  by  Adsorption; 
Ebler  and  Feixner  :  Flnorides  of  Vanadium,  O.  Ruff  and  H.  Lickfbtt  : 
A  Constitnent  of  Mineral  Coal,  A.  Pictet  and  L.  Rambeyer,  467. — Techni- 
cal Analysis  of  Brass  and  the  Non-ferrons  Alloys,  W.  6.  Price  and  R.  K, 
Meade  :  Allen's  Commercial  Organic  Analysis :  Electro-Analysis,  E.  F. 
Smtth,  468. — Disintegration  Products  of  Uranium,  G.  N.  Antonoff,  469 — 
Method  of  making  Visible  the  Paths  of  Ionizing  Particles  through  a  Gas, 
C.  T.  R.  Wilson,  470. — Dynamical  Nature  of  the  Molecular  Systems 
which  emit  Spectra  of  the  Banded  Type,  E.  T.  Whittaker,  472. 

Otology  and  Natural  History — Recent  Contributions  on  Cycadophytans,  G. 
R.  WiELAND,  473. — Botanical  Expedition  to  Newfoundland  and  Southern 
Labrador,  M.  L.  Fernald,  476. — Topographic  and  Geologic  Survey  of 
Pennsylvania,  R.  R.  Hicb  :  Virginia  Geological  Survey  Bulletin  No.  VI, 
477.— -Hexahydrite,  a  New  Mineral,  A.  A.  Johnston,  478. 

Miscellaneotts  Scientific  Intelligence — A  Study  of  Chiriquian  Antiquities,  G. 
G.  MacCurdy,  478. — National  Academy  of  Sciences,  479. — American 
Association  for  the  Advancement  of  Science,  480. 

Obituary—li,  J.  Troost  :  A.  Michel-L4vt  :  H.  Rislet  :  F.  Ameohino,  480. 
Index  to  Volume  XXXII,  481. 


Digitized  by 


Google 


Tr-\7xtr  -2Ka5CZKiir 


JULr,  1911. 


Established  by  BENJAMIN  SHUUAN  in  1818. 


THE 


AMERICAN 


JOURNAL  OF  SCIENCE. 


Editor:  EDWAKD   S.   DANA. 

ASSOCIATE   EDITORS 

Professors  GEORGE  L.  GOODALE,  JOHN  TROWBRIDGE, 
W-  G.  FARLOW  AND  WM.  M.  DAVIS,  op  Cambridge, 

Professors   ADDISON   E.   VERRILL,   HORACE   L.   WELLS, 
L.  V.  PIRSSON  AND  H.  E.  GREGORY,  of  New  Haven, 

Professor  HENRY   S.   WILLIAMS,  of  Ithaca, 
Professor  JOSEPH  S.  AMES,  of  Baltimore, 
Mr.  J.  S.  DILLER,  of  Washington. 


FOURTH    SERIES 

VOL.  XXXII-[WnOLE  NUMBER,  CLXXXII.] 
No.  3  87— JULY,  1911. 

NEW  HAVEN,   CONNECTICUT. 

1911. 


THE    TUTTLE,     MOREHOUSE    &    TAYLOR    CO.,    PRINTERS,    123    TEMPLE    STREET. 


Published  monthly.  Six  dollars  per  year,  in  advance.  $6.40  to  countries  in  the 
Poetal  Union  ;  $6.25  to  Canada.  Remittances  should  be  made  either  by  money  orders, 
registered  letters,  or  bank  checks  (preferably  on  New  York  banks).  ^<-^  t 

Digitized  by  LjOOQIC 


/ 


Important  Annonncemeiit. 

NATRAMBLYGONITE. 

Havine  secured  a  small  lot  of  this  new  mineral  as  described  in  this  Jour- 
nal No.  181,  January  1911,  by  W.  T.  Schaller,  I  am  now  in  a  position  to 
furnish  desirable  specimens  of  same,  at  very  reasonable  prices. 

RUBY  CORUNDUM. 

It  has  been  some  years  since  the  Buck  Creek  deposit  has  produced  material 
of  specimen  quality ;  having  been  fortunate  in  securing  a  lot  of  these 
double  terminated  crystals,  the  result  of  considerable  work  which  did  not 
pay  the  miners  for  their  trouble,  the  mines  were  again  closed.  This  is 
an  opportunity  for  collectors  to  secure  very  desirable  crystals,  single  or  m 
sets,  showing  the  variety  of  occurrence  of  form  and  colors ;  pnces  very 
reasonable. 

HIDDENITE. 

We  have  secured  the  balance  of  the  former  lot  of  Hiddenite  crystals  which 
sold  so  rapidly  last  month  ;  we  are  now  in  a  better  position  to  furnish  sets 
showing  the  different  effect  of  etchings,  form  and  color.  These  specimens 
have  the  deep  emerald  green  color  so  desired  by  all  collectors.  When  xn«de 
in  sets  mounted  on  sheet  wax,  they  present  a  beautif  al  contrast  i<ft  show 
and  study  and  should  have  a  place  in  every  collector's  cabinets 

RUTILE. 

From  another  source  was  received  a  lot  «f  trillings  in  this  most  unique 
mineral,  all  of  good  crystal  quality^  »  number  of  them  quite  transparent 
and  possessing  a  very  brilliant  larter  ;  prices  very  low. 

PRECIOUS  AND  SEMI-PRECIOUS  STONES. 

Having  secawd  from  a  receiver's  sale  a  very  large  stock  of  cut  stones  all 
colors  JLe  and  qualities,  I  take  this  opportunity  to  offer  same  at  75  per 
ceni  of  their  real  value,  so  as  to  dispose  of  them  rapidly. 

This  is  the  chance  of  a  lifetime  for  anyone  interested  in  precious  and 
semi-precious  stones,  carvings,  mosaics,  cameos,  etc.  Ask  for  an  ass^tment, 
which  I  will  gladly  send  on  approval  prepaid,  for  your  selection.  You  can 
return  at  my  expense  anything  you  do  not  desire. 

REMARKABLE  COLLECTION. 

I  have  just  received  for  sale  a  remarkable  collection  which  was  in  the 
Tjossession  of  a  well  known  mineralogist,  who  was  noted  for  the  intense 
interest  he  had  in  fine,  choice  specimens ;  this  collection  represents  years  of 
diligent  and  persevering  collecting,  the  specimens  representing  nearly  all 
the  old  localities  and  most  of  the  recent  ones  Some  of  the  specimens  are 
the  finest  found  and  this  is  an  opportunity  which  new  coUectors  should  take 
to  get  possession  of  some  of  the  choice  things  of  past  localities. 

lam  now  ready  to  furnish  a  complete  list  of  this  collection  to  anyone 
upon  request  and  will  advise  early  correspondence  on  same. 

A.  H.  PETEREIT. 

8i_83  Fulton  Street,  New  York  City. 

Phone  Beekman  1856. 
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Art,  I. — A)i  Open- Air  Telescope ;  by  David  Todd. 

**Out  upon  the  border-land  I  see 
the  glimmer  of  new  lights  that  wait 
for  their  interpretation,  and  the  great 
telescopes  of  the  future  must  be  their 
interpreters."  —  Alvan  Graham  Clark 
(1893).* 

But  enthusiast  for  the  great  telescope  as  Clark  always  was, 
the  advance  of  astronomy  during  the  fifteen  years  since  his 
death  has  far  outstripped  even  his  sanguine  expectation. 
Already  we  have  a  number  of  newly-discovered  variable 
stars  of  the  antalgol  type,  bright  at  intervals  but  most  of  the 

Fig.  1. 


Fig.  1.   4-foot  Melbourne  Reflector.   (Designed  and  built  by  Thomas  Grubb.)t 

time  very  faint,  and  the  minimum  light  of  some  of  which  goes 
far  beyond  the  visual  reach  of  i)rescnt  telescopes.  Ritchey's 
marvelous   photographs    of    nebulae    and    star-clusters    have 

♦Clark,  Astron.  and  Astrophys.,  xii.  678,  1893. 
tarubb,  T.,  PMl.  Trans.  Roy.  Soc,  clix,  127,  1869. 
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2  D.  Todd — Open- Air  Telescope, 

brouffht  to  light  unexpected  features  of  these  primal  cloud- 
like forms,  without  minute  optical  knowledge  of  which  we  can 
scarcely  hope  ever  to  know  their  full  significance  in  the 
cosmogony.  These  are  but  two  of  the  ''new  lights"  that  await 
the  present-day  astronomer's  interpretation. 

All  telescopes  are  made  up  of  three  parts :  Objectglass,  eye- 
piece, and  some  form  of  rigid  mechanical  connection  between 
the  two.  Usually  this  last  is  a  round  tube,  either  cylindrical 
or  conical ;  but  there  is  no  optical  reason  why  it  may  not  take 
any  shape  that  the  exigencies  of  mechanics  or  engineering  may 
demand. 

Fig.  2. 


Fig.  2.     Sir  WUliam  Herschel's  40-ft.  Telescope.     (Inscribed  to  his  Royal 
Patron,  King  George  the  Third,  1795.)" 

Many    open-tube   telescopes    have    been    built.      Huygens 

(1629-95)  even  built  one  with  no  tube  at  all,  an  aerial  telescope, 

as  he  called  it;  the  objective  in  a  counterbalanced  cell  with 

universal  joint,  mounted  on  top  of  a  tall  pole.     He  drew  the 

♦Hei-schel,  W..  Phil.  Trans,  for  1795,  p.  347. 
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axis  of  the  objective  into  approximate  line  with  the  axis  of 
the  ocular  by  means  of  a  small  cord  or  wire  reaching  down  to 
the  observer  on  the  ground.  No  objective  of  modern  optical 
excellence  could  ever  be  satisfactorily  used  in  this  way.  The 
4-foot  Melbourne  reflector  designed  and  built  bv  Thomas  Grubb 
(1800-78)  has  an  open  tube  of  spirallj^  interlacing  straps  of 
steel.    (Fig.  1.) 

Fig.  8. 


r 


Fig.  3.  Lord  Rosse's  Great  six-foot  Reflecting  Telescope.  (Birr  Castle, 
Parsonstown,  Ireland.)* 

The  superior  performance  of  a  great  telescope  in  the  open  air 
has  long  been  known  to  astronomers.  The  huge  instruments 
of  Sir  William  Herschel  (1738-1822)  (tiff.  2),  of  Lord  Rosse 
(1800-67)  (fig.  3),  and  of  Lassell  (1799-1886),t  were  all  open-air 
instruuients.      AH  these  were  reflectors  of   course ;   but  the 

♦Rosse,  Phil.  Trans.,  cli,  681,  1861. 

\  Lassell,  Mem.  Roy.  Astron.  Soc,  xxxvi,  1867. 
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same  is  true  of  refmctors,  as  I  found  in  1907  when  exigency 
required  the  mounting  of  the  1 8-inch  Amherst  refractor  in  the 
open-air  tennis  court  of  Oficina  Alianza,  in  the  foothills  of  the 
Andes  above  Iquique,  Chile.  With  a  serene  atmosphere, 
cloudless,  rainless  and  windless,  it  w^as  not  surprising  that  the 
Expedition  brought  back  to  Professor  Lowell  many  thousand 
photographs  of  Mars  which  far  surpassed  all  contemporary  pic- 
tures. The  universal  excellence  of  definition  at  Alianza  was 
largely  due  to  open-air  working  of  the  telescope ;  and  no  astron- 
omer who  has  once  had  such  an  experience  would  ever  insist  on 
operating  a  telescope  from  the  interior  of  a  dome,  except  as 
protection  from  the  weather  necessitated  it. 

Fig.  4. 


Fig.  4.  Typical  Great  Telescope  of  the  17th  Century.  (Built  and  used 
by  Hevelius  at  Dantzig.) 

The  design  for  a  type  of  open-air  telescope  which  it  is  the 
object  of  tiiis  paper  to  present  is  the  outcome  of  many  years  of 
practical  work  with  both  reflectors  and  refractors. 

The  optical  advantages  of  great  focal  length  were  known 
to  the  earliest  telescope  makers,  especially  Iluvgens,  Cassini 
(1625-1712),  Hevelius  (1611-87),  and  Bianchini  (1662-1729), 
whose  instruments  had  single-lens  objectives,  the  harmful 
aberrations  of  which  were,  they  found,  very  greatly  reduced 
by  figuring  the  lens  nearly  flat,  so  as  to  throw  the  focus  remote 
from  the  objectglass.     But  these  early  makers  of  long  telescopes 
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were  deprived  of  realizing  the  fnll  optical  advantage  of  tliis 
construction  by  the  backward  condition  of:  tirst,  the  art  of 
making  optical  glass ;  second,  the  art  of  figuring  and  polishing 
a  lens ;  third,  the  undeveloped  stage  of  metal  working ;  and 
fourth,  the  lack  of  suitable  engineering  design.  (Fig.  4.) 
•  To  any  practical  astronomer,  the  almost  insuperable  difficul- 
ties in  the  use  of  such  a  telescope  would  immediately  occur. 
Auzout  (1630-91)  perhaps  built  and  used  a  similar  one  600 
feet  in  length,  but  I  cannot  see  how  he  could  ever  have  done 
either,  with  the  lack  of  resources  of  his  day. 

The  Hall-DoUond  (1703-71Hi'!f<>6-61)  invention  of  the 
achromatic  objective  did  not  cancel  the  desirability  of  great 
focal  length,  and  subsequent  investigators  have  not  wholly 
eliminated  it.  With  the  longer  radii  of  curvature  of  the  sur- 
faces, both  crown  and  flint  lenses  can  be  reduced  to  a  minimum 
in  thickness  with  corresponding  reduction  of  the  loss  of  light 
by  absorption.  Tlie  chief  gain  of  great  focal  length,  as  Hast- 
ings has  shown,*  is  that  both  spherical  and  chromatic  aberra- 
tions are  more  effectively  reduced. 

While  the  parts  that  make  up  the  complete  telescope  are  but 
three,  the  elements  that  interfere  with,  and  even  preclude,  its 
perfect  construction  and  working  are  essentially  but  tliree  also. 
Foremost  of  all  is  the  ever  mobile  atmosphere  which,  though 
it  be  transparent,  is  always  quivering  and  tremulous,  never  qui- 
escent ;  second,  the  imperfections  of  work  of  glassmaker  and 
optician  ;  and  third,  insufficient  and  imperfect  design  or  malcon- 
struction  of  mechanical  parts  of  the  telescope  or  mounting, 
which  often  interfere  seriously  with  its  working,  or  stand  in 
the  way  of  advance  to  greater  optical  power. 

A  century  ago  the  46-foot  reflector  of  Sir  William  Herschel 
was  in  use  at  Slough,  and  six-inch  object  glasses  were  consid- 
ered the  largest  possible.  A  half-century  later  Lord  llosse  had 
finished  his  6-foot  reflector  at  Parsonstown,  and  the  Clarks 
were  beginning  an  IS^-inch  objective, — a  truly  great  advance. 

The  years  since  then  have  brought  unparalleled  progress  in 
glass  construe tion,f  in  optical  methods,  and  even  more  in  the 
mechanic  arts.  Telescope  builders  have  advantaged  greatly 
from  all  this  practical  progress,  culminating  in  the  40-inch 
Yerkes  telescope  (1 897),  a  noble  instrument  which  has  given 
excellent  account  of  itself  in  the  skillful  hands  of  Barnard  and 
Burnham,  Frost,  Hale,  and  Ritchey.:j:  (Fig.  5.)  But  it  is  a  close 
approach  to  the  ultimate  size  attainable  in  the  refracting  tele- 
scope, so  long  as  we  confine  ourselves  to  this  type  of  mounting. 

♦Hastings,  The  Sid.  Messenger,  x,  335,  1891. 
t  Vogel,  Astrophys.  Jonr.,  v,  75,  18i)7. 
JHale,  Astrophys.  Jour.,  vi,  37,  1897. 
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Fig.  5. 


Fig.  5.  40-lnch  Telescope  of  the  Yerkes  Observatory.  (Glass  by  Mantols.  objective 
by  Alvan  Clark  A  Sous,  of  Cam  bridge  port,  mounting  by  Warner  *fe  Swasey.  of  Cleve- 
land. The  tube  Is  about  65  feet  long;  and.  although  the  moving  parts  of  this  great 
telescope  weigh  over  15  tons,  the  whole  is  easily  managed  by  one  man,  through 
control  of  several  electric  motors.  The  counter-weighted  dome-floor  rises  and  falls 
23  feet,  on  the  plan  originated  by  Sir  Howard  (iriibb.  The  photograph  shows  It  near 
Its  lowest  position.    The  dome  is  90  feet  in  diameter,  and  weighs  140  tons.) 

The  40-incIi  jujlass,  too,  is  in  itself  so  weiiifhty,  in  consequence 
of  fjreat  thickness  of  both  the  lenses  requisite  to  accommodate 
a  relatively  short  tube,  that  actual  flexure  of  the  glass  begins  to 
appear  as  an  obstacle  to  perfect  optical  performance  at  varying 
altitudes.  And  it  is  probable  that  larger  objectives  of  this 
relatively  short  focal  length  would  have  to  be  figured  for  best 
performance  only  within  a  limited  range  in  zenith  distance. 
Needless  to  say,  too,  the  protecting  dome  and  the  cumbrous 
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rising-floor,  when  added  to  the  cost  of  the  instrument  itself, 
practically  prohibit  innch  farther  increase  of  size.* 

Solution  of  the  problem  of  the  long  telescope,  then,  resolves 
itself  into  two  general  divisions  :  (1)  to  build  the  tube  so  that 
its  flexure  shall  be  negligible.  The  elder  Herschel  and  Lord 
Ros8e  both  succeeded  in  this ;  but  their  tubes,  although  the 
largest  ever  built,  were  relatively  short.  (2)  to  mount  the 
weighty  tube  so  that  it  can  be  pointed  with  ease  to  any  part  of 
the  sky.  The  mechanical  genius  of  Herschel  selected  the  only 
feasible  type  of  mounting  for  a  structure  of  such  great  weight ; 
and  with  certain  modifications  embodying  the  engineering  and 
mechanical  practice  of  the  present  day,  his  design  must  remain 
forever  the  basis  of  that  type  of  mounting,  which,  all  told,  is 
the  best,  for  future  great  telescopes.  Lord  Rosse,  however, 
adopted,  not  this  form  of  universal  mounting,  but  a  modified 
type  in  which  his  *'  Leviathan  "  was  restricted  in  use  to  small 
hour-angles  between  two  north  and  south  walls. 

I  have  begun  my  projected  telescope  not  at  the  end  but  in 
the  middle,  just  as  a  bridge  engineer  builds  a  cantilever. 
(Fig.  6.) 

'the  basis  of  its  tube  is  a  cubical  section  or  compartment  of 
steel  plates,  reinforced  as  in  box-girder  construction,  so  as  to  be 
absolutely  rigid  and  unyielding.  For  a  telescope  200  feet  or 
300  feet  long,  I  would  build  this  central  cube  about  20  feet 
square.  On  two  opposite  sides  it  is  perforated  to  allow  the 
cone  of  rays  to  pass  through  ;  and  on  two  other  sides  of  the 
cube,  at  right  angles  to  the  cone  of  rays,  are  attached  the  cir- 
cular bed-plates  of  the  bearing-pins.  In  other  words,  tube  and 
axis  are  the  same  in  construction  as  the  ordinary  type  of  transit 
instrument,  witii  shortened  axis  and  a  minimum  distance  be- 
tween the  pivots.  Needless  to  say,  this  is  the  form  which,  in 
the  evolution  of  transit  and  meridian  circle,  has  been  found  to 
give  minimum  flexure. 

As  we  zxQ  per  force  restricted  to  standard  commercial  forms 
of  structural  steel,  the  two  halves  of  the  tube  must  be  built 
up,  not  as  cones  (the  ideal  form)  but  as  square  pyramids.  As 
we  have  rotation  about  only  one  axis  to  deal  with,  the  flexure 
of  the  great  tube  is  easy  to  handle. 

Mr.  Spencer  Miller,  the  eminent  cable  engineer,  suggests  the 
construction  of  a  10-foot  model  of  this  tube,  from  standard 
brass  angles.  Subjecting  this  model  to  known  stresses  and 
measuring  up  the  observed  flexures  would  afford  the  data  nec- 
essary in  deciding  what  forms  and  weights  of  structural  steel 
would  be  best  adapted  to  the  construction  of  the  full-sized 

•  AU  the  previous  iUustratioiis  are  taken  from  my  Sinr»  and  TeleacopeSy  by 
courtesy  of  the  pubUshers,  Messrs.  Little,  Brown  &  Company,  Boston. 
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Fig.  6. 


Fig.  6.     Proposed  Opeii-Air  Refracting  Telescope.     Todd  (1911). 
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Fig.  6.     Proposed  Open-Air  Refracting  Telescope.     Todd  (1911). 
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tube.  The  weight  of  objective  and  cell  at  one  end,  and  of 
observing-carriaoce,  the  observere  and  accessory  apparatus  at 
the  other,  can  be  accurately  estimated. 

It  will  be  apparent  that  the  alt-azimuth  type  of  mounting 
follows  as  a  necessary  consequence  of  this  evolution  ;  and  the 
altitude  motion  gives  no  trouble  whatever  in  either  design  or 
practical  construction  :  it  is  only  when  we  reach  the  azimuth 
motion  that  mechanical  and  engineering  difficulties  arise, 
though  they  are  not  wholly  insuperable  ones. 

As  we  go  downward  from  the  telescope  to  the  ground,  our 
troubles  increase;  and  they  become  a  maximum  when  we 
reach  the  plane  of  junction  between  earth  and  mounting.  Let 
us  now  consider  the  method  of  dealing  with  this  problem. 

Apparently  a  simple  one,  it  admits  of  several  solutions  at 
first  sight  practical,  but  which  would  actually  prove  infeasible 
on  trial.  The  most  obvious  plan  is  the  one  adopted  in  Sir 
"William  Herschel's  mounting.  Modern  ball-bearings  provide  a 
vast  improvement  on  the  Herschelian  construction ;  but  the 
weakest  member  of  the  whole  scheme  is  the  horizontal,  circular 
track,  which  must  be  at  least  50  feet  in  diameter.  To  true  up 
this  track  to  a  perfect,  jointless  horizontal  plane,  and  maintain 
it  so,  is  a  practical  mechanical  impossibility :  at  least  1  have  not 
found  any  mechanical  engineer  who  would  undertake  either  to 
do  it  or  to  suggest  a  certain  way  of  accomplishing  it.  Easy 
enough  it  is  to  think  such  an  ideal  steel  track  into  existence,  but 
to  build  one  that  will  stay  so  is  quite  another  affair.  Mounting 
and  adjusting  the  rollers  in  a  circular  race  offer  no  great 
difficulties ;  in  fact,  Mr.  Henry  Hess  of  the  Hess-Bright  Manu- 
facturing Company  of  Philadelphia,  and  his  corps  of  able  engi- 
neers, have  worked  out  the  bearing  details  of  at  least  two 
feasible  designs.  In  these  the  rollers  are  attached  to  the  hori- 
zontal base-member  supporting  tlie  two  upright  pyramidal 
towers  on  which  rest  the  Y's  oi  the  horizontal  altitude  axis. 

The  simplest  and  least  expensive  of  the  three  Hess-Bright 
designs  for  rotating  motion  of  the  azimuth-base  would  utilize 
50  commercial  car-wheels  with  ball-bearing  mounts,  and  travel- 
ling on  a  90-pound  rail  track  about  76  feet  in  diameter.  But 
the  best  design  and  the  easiest  working  one  is  an  adaptation 
of  the  '*  Grubb  live-ring  "  with  coned  rollers  of  large  diameter, 
their  axles  turning  in  ball-bearings  and  the  live-ring  travelling 
with  half  the  speed  of  the  plate  itself. 

Another  plan  which  presents  some  advantages  would  involve 
the  inversion  of  this  design,  the  rotatory  track  attached  to  the 
underside  of  the  base  plate  being  trued  off  on  its  lower  side. 
The  supporting  wheels  would  then  be  themselves  stationary, 
and  adjustment  vertically  as  well  as  horizontally  and  radially 
would  be  facilitated. 
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But  all  these  designs  would  oflfer  serious  difficulties  in  actual 
construction  and  operation.  (1)  To  make  a  circular  track 
so  near  a  perfect  plane  that  the  load  would  be  evenly  dis- 
tributed among  the  rollers.  In  experience  with  the  35-foot 
dome  of  Amherst  College  Observatory,  supported  on  14  rollers 
with  an  avemge  weiglit  of  a  ton  on  each,  1  have  found  equable 
distribution  of  the  load  by  no  means  easy,  and  oftentimes  one 
or  two  rollers  travel  part  way  round  as  "  idlers.''  With  the 
number  of  rollers  increased  to  50,  as  in  the  proposed  telescope, 
I  think  the  obstacles  to  equable  load  would  be  very  greatly 
enhanced.  (2)  To  preclude  overturning  of  the  entire  structure 
by  wind-thrnst,  a  track  on  the  upper  side  of  the  base  plate 
would  be  necessary ;  and  trued  up  in  a  plane  absolutely  parallel 
to  that  on  its  underside.  (3)  The  wind-thrust  on  the  central 
pintle  might  prove  so  great  as  to  deform  it,  and  thus  enforce 
expensive  and  time-consuming  repairs.  (4)  It  is  absolutely 
necessary  that  the  whole  structure,  weighing  perhaps  50  tons, 
shall  turn -with  perfect  smoothness  and  unvarying  resistance,  so 
that  the  clock-motion  in  azimuth  may  drive  it  Avith  a  positive 
motion,  and  with  that  uniformity  of  speed-variation  requisite 
to  maintain  the  telescope's  collimation-line  always  coincident 
with  the  star's  vertical  circle. 

Temperature-adjustment  of  the  base-plate  offers  no  serious 
difficulty,  as  the  entire  plate  is  readily  enclosed  within  a 
weather-proof  house,  in  the  same  manner  as  the  dome  at 
Amherst  is  sealed  against  the  smoke,  dust,  fog  and  temperature- 
fluctuations  of  the  outer  air ;  that  is,  by  means  of  a  thick  hair- 
felt  diaphragm  which  slips  round  on  a  stationary  ring  faced 
with  planished  copper.  Also  by  mounting  the  vertical  towers 
symmetrically  on  tne  base-plate,  the  stresses  in  it  become  very 
favorable  for  preventing  its  deformation. 

All  the  above  mentioned  Hess-Bright  designs  contemplate 
the  sustentation  of  the  entire  load  upon  the  rollers.  As  this 
load  need  not  exceed  a  ton  on  each,  there  is  no  reason  whatever 
to  fear  that  the  whole  structure  might  not  turn  round  with 
ease,  and  with  some  approach  to  entire  smoothness.  I  am, 
however,  doubtful  about  its  being  the  best  method,  even  if  the 
principle  of  flotation  were  added. 

The  cardinal  objection  to  this  whole  plan,  which  Herschel 
was  the  fii*st  to  employ,  lies  in  the  circular  horizontal  track.  In 
practical  use,  it  would  always  be  accumulating  dust,  and  any 
defect  of  precise  radial  adjustment  of  the  axes  of  the  rollers 
would  give  rise  to  variable  friction.  This  is  wholly  unal- 
lowable, unless  the  clock-motion  is  a  motor  with  excessive 
reserve  power. 

Let  us  see  if  we  cannot  get  along  without  the  horizontal 
track  entirely.    What  we  want  is  an  absolutely  smooth,  positive 
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and  yet  exceedingly  easy  motion  of  a  huge  vertical  shaft.  In 
order  to  meet  those  requisites,  and  treating  it  as  a  shaft  simply, 
we  should  extend  its  length  downward,  and  contine  its  motion 
as  a  journal  between  two  horizontal  friction  rings,  slipping 
between  roller  bearings  on  vertical  axes.  These  rings,  with 
perhaps  100  roller  bearings  for  each,  50  outside  and  50  in, 
should  have  honzontal  wheels  or  rollers  of  large  diameter, 
ground  to  perfect  cylinders.  These  rings  are  intended  to 
operate  only  when  the  telescope  is  in  use  in  the  wind.  When 
the  air  is  still,  a  smoother  azimuth  motion  would  be  possible 
if  the  friction  rings  are  clamped  motionless  to  the  concrete 
well  in  which  the  vertical  drum  revolves. 

Then  I  would  float  the  entire  structure  in  either  oil  or  water, 
leaving  only  a  few  hundred  pounds  of  load  on  a  central  button 
or  pintle.  In  this  way  a  clock  of  minimum  power  would 
suflice  to  drive  a  maximum  load  with  perfect  smoothness. 
The  expanded  vertical  axis,  then,  would  be  a  little  like  the 
inner  tank  of  a  gasometer  when  at  its  lowest  point.  .It  should 
be  not  less  than  50  feet  in  length,  or  vertical  height ;  and 
this  drum-shaped  form  would  afford  an  easy  interior  construc- 
tion insuring  absolute  rigidity  of  the  vertical  towel's,  which 
might  go  down  through  it,  as  far  as  thought  best.  No  wind 
could  ever  topple  the  structure  over,  and  the  open-air  telescope 
would  be  safely  usable  on  all  but  the  windiest  occasions.  By 
lowering  the  pintle  underneath,  and  pumping  out  enough  of 
the  flotation  to  allow  the  drum  to  settle  down  to  stationary 
beds,  the  drum  could  be  rigidly  clamped  near  the  top  and 
bottom,  so  as  to  withstand  securely  all  stormy  weathers  when 
not  in  use.  In  case  of  a  severe  gale,  the  telescope  would  be 
pointed  quartering  to  the  wind,  observing  carriage  and  tail- 
piece unshipped,  and  tube  directed  to  the  nadir.  Here  the 
objective  would  be  double-housed  against  the  storm,  and  the 
cell  clamped  tirmly.  This  would  secure  both  bearings  and 
open-air  pyramids  against  harmful  stress  due  to  excessive  wind- 
thrust,  as  the  gale  would  strike  the  structure  edgewise. 

I  have  not  intended  in  this  paper  to  deal  with  the  solution 
of  any  but  the  most  general  problems  of  this  proposed  tele- 
scope. All  details  have,  however,  been  critically  worked  out, 
so  that  an  approximate  estimate  of  cost  is  available.  A  5-foot 
objective  would  cost  about  8125,000,  and  the  entire  instrument 
would  represent  about  double  that  amount.  For  instance,  the 
weather-protection  of  objective  and  eyepieces,  of  altitude  bear- 
ings and  of  altitude  clamp,  quick  motion  and  slow  motion ; 
also  electric  motors  for  operating  the  same  in  both  coordinates, 
and  for  the  requisite  variable  clock-motion  in  both  altitude  and 
azimuth,  as  well  as  for  driving  the  rotary  tail-piece  on  a  ball-race. 
With  this  arrangement,  and  an  adaptation  of  Prof.  Ritchey's 
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double-slide  plateholder  with  independent  rotary  motion, 
microraetric  work  and  even  precision  photography  might  be 
qnite  practicable.  All  the  clamps  and  motions  and  clocks  may 
be  controlled  by  electric  motors  operated  from  triplicate  switch- 
boards in  (1)  the  observing  box,  (2)  the  altitude  house  (not 
shown  on  the  upright  piers),  and  (3)  from  the  azimuth  room 
concealed  beneath  the  basal  drum. 

In  lieu  of  observing-chair  or  rising-floor,  observer  and  assist- 
ant ride  in  a  light  carriage  on  the  eye-end,  swinging  on  a 
horizontal  ball-bearing  axis  which  passes  through  the  focal 
plane.  This  may  be  whoUy  enclosed  for  weather  protection, 
and  it  can  readily  be  warmed  electrically  in  winter.  Should 
such  an  instniment  ever  be  erected  on  a  high  mountain,  as  for 
instance,  Fuji-yama  in  Japan,  12,400  feet  elevation,  where  a 
saddle  within  the  crater  provides  an  ideal  location  such  that 
wind  would  rarely  shake  the  telescope,  it  would  be  wholly 
feasible,  in  fact  very  easy,  to  supply  the  observing-box  with 
air  artificially  compressed  to  sea-level  tension.  Thereby  we 
should  avoid  the  disastrous  effect  of  mountain  sickness,  which 
not  only  interferes  greatly  with  one's  comfort  at  elevations 
much  in  excess  of  10, wb  feet,  but  in  consequence  of  the 
quickened  pulse,  tends  to  shorten  the  life-span  of  anyone  who 
persists  in  tarrying  long  at  great  elevations,  without  frequent 
return  to  safe  and  lower  altitudes. 

Only  the  open>air  alt-azimuth  is  discussed  in  the  present 
paper.  On  the  successful  construction  of  such  an  instrument, 
an  equatorial  of  similar  type  would  be  found  easy  to  design 
and  construct  on  a  mountain  side  sloping  jx^leward.  The  best 
design  would  be  a  lengthened  jwlar  axis,  with  adequate  flota- 
tion drums  near  each  end,  and  a  forked  overhanging  head, 
very  similar  to  the  alt-azimuth  design  here  given, "only  more 
strongly  braced,  and  in  which  no  added  weight  is  requisite  f»>r 
declination  counterpoise. 

Observatorv :  Amherst  CoUeffe, 
April  2-2.  1911. 
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Art,    11.  —  A    New    Type    of    Mercury   Air- Pump ;    by 
S.  R.  Williams. 

Perhaps  no  single  piece  of  apparatus  is  more  generally  used 
in  a  physics  laboratory  than  an  air-pnmp.  Demonstrations 
involving  its  nse  are  to  be  found  in  mechanics,  in  heat,  and  in 
all  the  other  branches  of  physics,  especially  in  that  compara- 
tively new  and  widening  field  of  study,  the  discharge  of 
electricity  through  gases.  A  still  larger  field  of  usefulness 
presents  itself  in  the  manufacture  of  incandescent  electric 
lights. 

Of  the  many  and  varied  types  of  air-pumps  each  has  its  own 
advantages  and  disadvantages,  but  for  eflSciency  we  recojgnize 
two  conditions  as  essential.  These  are,  first,  the  power  to 
exhaust  rapidly  and  to  a  high  degree,  and,  secondly,  tne  ability 
to  exhaust  against  atmospheric  pressure.  Other  desirable  fea- 
tures are,  of  course,  compactness,  simplicity,  and  cheapness  of 
construction. 

Among  the  various  types  of  air-exhausting  pumps  the  Geryk, 
or  pulsometer  pump  (Fleuss  Patent),  couies  the  nearest  to 
fulfilling  the  requirements  asked  for  above.  It  exliausts  rapidly 
and  against  atmospheric  pressure,  but  the  degree  of  exhaustion 
cannot  go  beyond  the  vapor  pressure  of  the  oil  used,  and  for 
the  average  pulsometer  which  one  finds  in  laboratories  through- 
out the  country  the  degree  of  exhaustion  cannot  go  beyond 
the  vapor  pressure  of  the  moisture  which  has  been  drawn  into 
the  pump  and  mixed  with  the  oil.  In  other  words,  too  much 
care  and  trouble  must  be  taken  with  the  pulsometer  to  keep  it 
in  good  working  condition.  It  ought  never  to  be  used  in  an 
experiment  to  show  the  triple  point  of  water. 

Among  the  mercurial  pumps  those  who  have  used  the 
Sprengel  or  Toepler,  or  any  of  their  numerous  modifications  to 
any  great  extent,  must  have  welcomed  the  advent  of  the  Kauf 
luann,  or  the  Gaede  pump,  which  could  be  driven  with  a 
motor,  and  at  the  same  time  worked  rapidly.  The  Kauf- 
mann  and  Gaede  pumps,  however,  will  not  exhaust  against 
atmospheric  pressure.  This  means  hitching  another  pump  in 
tandem  with  them,  which  is  inconvenient.  Frequently  this 
preliminary  pumping  is  done  by  means  of  a  filter  pump,  but 
in  many  laboratories  the  water  pressure  is  not  sufficient  to  do 
this. 

It  is  interesting  to  note  that  in  the  best  types  of  air-pumps 
mentioned  we  have  their  prototypes  in  devices  for  lifting 
water.  The  piston  pump  corresponds  to  the  pulsometer,  and 
the  old  spiral  of  Archimedes  was  the  forerunner  of  the  Kauf- 
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mann  and  Gaede  pumps.  In  this  locality  the  chain  and  bucket 
pump  is  used  very  extensively  in  liftins:  water.  In  consider- 
ing the  principles  i.ivolved,  it  occurred  to  me  that  possibly  a 
mercurial  pump  might  be  constructed  ou  the  principle  of  the 
chain  and  bucket  water-pump  which  would  involve  all  of  the 
conditions  required  for  efficiency.  The  object  of  this  paper  is 
to  describe  such  a  piece  of  appamtus. 

Fig.  I  is  a  vertical  section  of  the  pump  devised.  Over  the 
sprocket  wheels  «^,  5„  «„  %^  and  s^^  an  endless  chain  runs  to  which 
are  attached  any  desired  number  of  buckets.  This  chain  and 
bucket  system  is  housed  in  the  cast-iron  base,  B,  the  two  tubes, 
Tj  and  T„  and  the  small  chamber,  D ;  «.  is  a  drive  wheel 
actuated  by  a  crank  or  motor.  Mercury  is  poured  into  the 
chamber,  C,  until  it  is  nearly  full.  This  tills  all  the  passages 
below  where  the  sprockets,  *„  «„  «^,  and  «j,  are  located.  The 
machine  is  then  ready  for  use.  The  vessel  to  be  exhausted  is 
attached  to  the  tube,  O.  The  crank  is  turned  so  that  the 
buckets  in  the  tube,  T„  rise.  As  they  ascend  they  carry  them- 
selves full  of  mercury,  which  on  passing  over  the  sprocket  «, 
is  dumped  out  and  runs  down  either  T,  or  T,.  On  descending 
through  Tj,  the  buckets  are  inverted  and  now  carry  tliemselves 
full  of  air,  which  is  imprisoned  in  the  buckets  when  they 
reach  the  level  of  the  mercury.  This  is  carried  on  down 
around  sprocket  «„  and  when  the  buckets  pass  under  «,  they 
are  turned  with  the  top  up,  which  permits  the  air  to  escape, 
and  which  rises  up  through  the  mercury  in  chamber  C,  and  so 
passes  to  the  outside  atmosphere  through  the  opening  in  the 
cover,  L,  where  the  drive  chain  passes  from  %^  to  «j.  The  buck- 
ets then  pass  on  around  «,  and  %^  to  repeat  the  operation.  As 
the  exhaustion  advances  the  mercury  rises  higher  and  higher 
in  Tj  and  T,  until  it  stands  at  barometric  height,  for  instance, 
at  the  level  indicated  by  the  dotted  line  a— i.  In  order  to 
take  care  of  what  extra  mercury  rises  in  the  barometric  tubes 
Ti  and  T„  the  chamber,  C,  is  recessed  out  in  the  casting  B. 

Instead  of  the  sprocket  s^  and  crank,  a  pulley  may  be 
attached  and  the  pump  run  by  a  motor.  A  neater  but  more 
expensive  form  of  construction,  perhaps,  would  be  to  replace 
the  drive  chain  with  a  shaft  and  bevel  gearing.  In  construct- 
ing this  pump  I  have  made  the  base  B  of  cast  iron  and  the 
tubes  T,  and  T,  of  boiler  tubing,  while  the  chamber  D  is  also 
a  casting  galvanized"  over  on  the  outside  to  insure  that  it  is  air- 
tight. It  will  be  noticed  that  only  the  chamber  B  and  the 
tubes  T,  and  T,  need  to  be  air-tight,'^as  the  bottom  of  the  tubes 
are  sealed  off  just  as  in  the  ordinary  barometer  tubes. 

The  speed  of  the  pump  in  exhausting  is  limited  only  by  the 
rate  of  diffusion  of  the  gas  through  the  tube  O  from  tlie  vessel 
being  exhausted.     The    pump  will  exhaust  to  X-ray   vacua. 
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There  are  no  valves  or  stop-cocks  or  cone-shaped  bearings  to 
cause  a  leak  just  at  a  critical  moment.  It  is  extremely  simple, 
both  in  construction  and  operation.  Any  one  vt^ho  has  used  a 
mercury  pump  knows  how  exasperating  it  is  to  have  a  connection 
break  at  some  point  and  the  mercury  violently  thrown  through 
the  pump  by  the  inrush  of  air,  and  as  a  result  a  pool  of  mercury 
and  a  pile  of  broken  glass  in  the  middle  of  the  floor.     If  any- 

FlG.  1. 


thing  breaks  about  this  pump  the  mercury  simply  runs  back 
through  the  tubes  into  the  chamber  C  and  no  harm  done. 

It  is  also  apparent  that  this  pump  exhausts  directly  against 
atmospheric  pressure,  which  the  average  laboratory  will  tind  a 
decided  advantage,  as  it  does  not  require  a  se6osd  pump  in 
tandem  with  it.  If  the  cover,  L,  were  air-tight  and  the  buck- 
ets driven  by  a  shaft  passing  through  B  in  an  air-tight  bearing, 
it  would  be  possible  to  shorten  the  tubes  T^  and  T„  but  this 
would  then  necessitate  another  Pump  attached  in  tandem  and 
exhausting  from  chamber  C.  The  buckets  may  take  on  any 
design  or  shape.     Not  only  the  buckets  but  also  the  chamber 
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D  and  the  tubes  might  very  well  be  enameled  inside,  which 
would  give  the  same  surface  as  glass,  but  the  strength  of  iron 
or  steel. 
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AjBtT.  III. — Conirtbutioii  to  the  Geology  of  tne  BoaUyti  and 
Norfolk  BdsijiH^  M<i8sachusett8,  L  The  Structural  Rela- 
tions ketweeii  the  Quinoy  Cfranite  and  the  Adjacent  Sedi- 
mentary Formations  f"^  by  G.  F.  Loughlin. 

Introdtxtion. 

The  rocks,  both  igneous  and  sedimentary,  of  eastern  Massa- 
cliusetts  and  Ehode  Island  offer  a  host  of  most  interesting 
but,  as  yet,  unsolved  problems  in  petrology,  structural  geology, 
and  stratigraphy.     One  of  these  problems,  of  critical  import- 
ance and  at  the  same  time  unique,  is  the  relation  between  the 
Quincy  granite  mass,  just  south  of  Boston,  and  the  adjacent 
sedimentary  formations  of  the  Boston  and  Norfolk  Basms,  to 
the  north  and  south  respectively  (tig.  1). 

The  Quincy  granite  mass,  including  the  prominent  Blue 
Hills  range,  forms  a  topographic  as  well  as  geologic  barrier 
between  otherwise  continuous  areas  of  conglomerate,  sandstone, 
and  shale. t  The  sediments  of  both  basins  were  believed  by 
Prof.  Crosby  to  be  the  younger,  and  to  contain  pebbles  of  the 
Quincy  granite.  The  Quincy  granite  was  believed  to  be  of 
the  same  age  as  all  the  granites  of  the  district.  More  recent 
work  by  Mansfieldi  failed  to  prove  the  presence  of  Quincy 

S'anite  pebbles  in  the  conglomerate  members  of  the  sediments, 
ough  pebbles  of  other  granites  in  the  district  are  plentiful. 
No  explanation  of  this  general  absence  of  Quincy  granite  peb- 
bles in  the  conglomerates  is  offered,  but  the  sediments  are, 
nevertheless,  assumed  to  be  younger  than  the  granite.  Clapp§ 
still  more  recently  has  found  evidence  which  shows  that  the 
alkaline  granites  in  eastern  Massachusetts,  of  which  the  Quincy 
granite  is  one,  are  distinctly  younger  than  the  other  granites 
and  related  rocks  of  the  district. 

»  The  field  study  of  this  problem  was  greatly  simplified  by  the  exhaustive 
work  of  Prof.  W.  O.  Crosby  (see  Geol.  of  Boston  Basin,  Vol.  I,  Part  III, 
1900),  who  has  located  every  outcrop,  and  discussed  at  great  length  the 
major  structural  features  in  the  district  here  considered.  The  present  paper 
is  a  modification  of  certain  of  his  re8r.lts,  based  chiefly  on  the  evidence  of 
petrographic  study,  but  is  quite  in  accord  with  his  interpretation  of  the 
major  structural  features  of  the  area. 

f  The  solitary  outcrop  of  gray  quartzitic  sandstone  due  west  of  Great  Blue 
Hill  contains  partings  of  carbonaceous  ahale,  and  morejflqaely  resembles 
strata  in  the  western  Narragansett  Basin,  R.  I.,  than  rocX*.  .Ithe  area  here 
discussed.  It  is  of  no  definite  value  as  a  connecting  link  between  the  Boston 
and  Norfolk  Basins,  and  may  possibly  be  unconformably  related  to  the  rockn 
in  them. 

X  Origin  and  Structure  of  the  Sozbury  Conglomerate  ;  Bull.  Comp.  Zool. 
Harvard  Univ.,  vol.  xlix,  G^ol.  Ser.  vol.  viii,  No.  4,  pp.  161,  168,  169,  1906. 

%  Manuscript  thesis  in  part  fulfiUment  of  requirements  for  degree  of  Ph.D., 
Mass.  Inst.  Tech.,  Geol.  Dept.,  1910. 
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The  question  thus  arises  : 
tural  relations  between  the 
sedimentary  formations?  . 
and  structural  evidence,  and 

J^orphyry  pebbles  in  the  N 
ollowing  pages.  Tlie  evi 
Quincy  granite  is  older  thar 
in  the  main,  to  confirm  I 
raises  other  questions  of  sti 
which  will  be  cited  at  the  cl 
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Fia.  1.  Outline  map  showinj;?  poBitions  and  areas  of  the  three  sedimentary 
basins  in  S.E.  New  England  (mostly  after  W.  O.  Crosby  and  J.  B.  Wood- 
worth).     **  Q  "  represents  the  Quincy  granite  series. 

Outline  of  Geology. 

The  area  involved  in  the  present  discussion  is  shown  on  the 
map  (fig.  2).  The  oldest  rocks  of  the  district  are  Cambrian 
slates,  of  considerable  extent  in  the  eistern  part  of  the  area 
but  elsewhere  represented  only  by  siattered  patches.     They 
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are   clearly  older   than  all    the  igneous  rocks   of   the  region 
and  need  no  further  mention  in  tnis  paper. 

Biotite-Granite  Series. — The  next  formation  in  order  of  age 
is  the  biotite-granite  series.  It  extends  over  a  great  part  of 
eastern  Massachusetts.  On  the  map  it  is  shown  along  the 
southern  edge,  separated  from  the  Norfolk  Basin  by  a  pro- 
found fault.  It  also  extends  around  the  west  and  north  mar- 
gins of  the  Boston  Basin  with  more  or  less  continuity.  It 
includes  several  phases;  alaskite  (very  subordinate),  normal 
granite,  granodiorite,  and  diorite  of  varying  basicity,  which  in 
some  places  are  gradational  into  one  another,  and  in  others  are 
marked  by  sharp  contacts.  Where  sharp  contacts  exist,  the 
more  acid  phases  are  intrusive  into  the  more  basic. 

It  is  of  prevailing  subalkaline  character.  The  more  acid 
phases,  those  involved  in  the  preserTTproblem,  are  gray  to  red- 
dish in  color,  fine-  to  rather  coarse-grained,  and  in  places  por- 
phyritic  with  reddish  feldspar.  The  chief  minerals  are  gray 
to  white  plagioclase  (oligoclase  to  andesine)  microscopically 
altered  to  aggregates  of  sericite  and  epidote  with  more  or  less 
calcite,  reddish  microcline-microperthite,  in  which  the  potassic 
member  is  dominant  and,  as  a  rule,  very  free  from  products  of 
deep-seated  alteration ;  quartz  in  gray  to  white  glassy  grains ; 
biotite  in  small  evenly  scattered  flakes,  largely  altered  to  chlor- 
ite. Hornblende,  where  present,  is  considerably  altered  to 
chlorite  and  epidote.  The  most  common  order  of  crystalliza- 
tion is  :  (1)  plagioclase  accompanied  or  followed  by  the  femic 
minerals;  (2)  microperthite  and  quartz.  The  rock  is  nearly 
everywhere  full  of  irregular  slickensided  fractures  tilled  with 
the  secondary  minerals,  especially  epidote.  The  epidote,  as 
well  as  the  granite  walls,  is  slickensided. 

Older  JF^elsite. — Felsites,  not  including  those  in  the  Blue 
Hills,  are  found  more  or  less  abundantly  over  much  of  the 
same  area  as  the  biotite-granite  series.  They  vary  somewhat 
in  texture  and  mineral  composition.  Where  porphyritic,  the 
chief  feldspar  is  gray  to  white  plagioclase,  more  or  less  altered 
to  sericite  and  epidote.  Quartz  phenocrysts  are  also  com- 
monly present.  The  predominating  femic  mineral  is  green 
hornblende,  more  or  less  chloritized.  The  groundmass  is  even- 
microgranular. 

Quiney ,  Alkaline  Granite  Series, — The  Quincy  granite 
series  covers  a  roughly  elliptical  area,  with  an  east- west  major 
axis,  extending  across  Milton  and  Quincy,  including  the  entire 
Blue  Hill  ra»ge,  and  the  northern  parts  of  Braintree  and  Wey- 
mouth, ^is  bounded  on  the  north  by  an  east-west  fault  con- 
tact witKthe  Boston  Basin  sediments;  on  the  south  in  Brain- 
tree  by  another  east-west  fault,  and  farther  west  by  uncom- 
formable  contact  with  the  Norfolk  Basin  sediments.     Certain 
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irregularities  in  these  boundaries  are  due  to  faults  of  north-  J 

soutn  trend,  which  offset  the  east-west  faults. 

The  series  includes  rather  coarse-  to  medium-grained  granite, 
granite  porphyry,  and  quartz  porphyry,  all  of  essentially  simi- 
lar composition.  The  color  of  tne  unoxidized  rock  is  mostly 
a  dark  bluish,  less  commonly  greenish,  gray ;  that  of  the  oxi- 
dized rock  pink  to  red.  The  chief  minerals  are  microperthite, 
,  in  which  the  potassic  member  is  microcline,  usually  without 
the  characteristic  gitter  structure,  and  the  sodic  member  is 
albite.  The  latter  is  equal  to,  or  slightly  dominant  over,  the 
microcline,  and  in  many  thin  sections  forms  outer  rims  which 
have  the  same  orientation  as  the  albite  streaks  within  the  crys- 
tal. There  is  little  plagioclase  independently  crystallized. 
The  femic  accessory  minerals  are  riebeckitic  amphibole  and 
aegirite  in  megascopic  dense  crystals,  and  also  in  crystallites 
enclosed  by  feldspar  and  quartz.  Aegirite  commonly  forms  a 
border  around  riebeckite.  The  quartz  forms  glassy  grains, 
more  or  less  darkened  by  femic  inclusions.  The  only  products 
of  deep-seated  alteration  are  inky-blue  crocidolite  and  magne- 
tite derived  from  the  femic  minerals  and  developed  in  films 
along  slickensided  joint  surfaces.  Epidote  and  chlorite 
are  entirely  absent,  even  where  the  minerals  of  the  rock  have 
been  mashed  and  recrystallized  along  slickensided  fractures. 
The  apparent  order  of  crystallization  is  :  (1)  microperthite,  (2) 
femic  minerals  and  ^[uartz.  Chemical  analyses  show  but  traces 
of  lime  and  magnesia.* 

Thus  the  Quincy  granite  series  differs  markedly  from  the 
biotite-granite  series  in  texture,  mineral  and  chemical  composi- 
tion, and  in  the  absence  of  alteration  products,  and  is  readily 
distinguished  in  fresh  specimens  and  especially  in  thin-sections.  | 

There  may,  however,  be  some  diflBculty  in  distinguishing 
between  highly  weathered  and  bleached  pebbles  of  the  two 
rocks. 

The  porphyry  phases  of  the  Quincy  granite  are  limited  to 
the  Blue  Hills  range,  and  mark  the  upper  contact  zone  of  the 
intrusive  mass.f  Their  present  limited  extent  is  believed  due 
to  an  upward  tilting  of  tne  mass  to  the  north,  before  or  during 
the  period  of  folding  and  compression  faulting,  followed  by 
prolonged  erosion,  which  has  to-day  left  only  the  least  elevated 
portion  of  the  inclined  upper  contact  zone.  The  superior 
weathering  qualities  of  the  porphyry  phases  in  comparison  to 
those  of  the  normal  granite  account  for  the  relief  and  position 
of  the  Blue  Hills. 

*  H.  S.  Washington,  Prof.  Paper,  U.  S.  Geol.  Survey,  No.  14,  1908,  p.  144. 
The  analysis  shows  O'o  per  cent  CaO,  and  a  trace  of  Mg^.  According  to  T. 
Nelson  Dale  (BuU.  U.  S.  Geol.  Survey,  No.  854,  1908,  p.  94),  one  half  of  the  1 

CaO  is  present  as  CaCOs. 

t  For  detailed  evidence  see  W.  O.  Crosby,  op.  cit.  p.  364.  J 
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A  minor  phase  of  the  series  in  West  Quincy  is  a  basic  alka- 
line porphyry,  containing  microperthite  as  phenocrysts  and 
augite  as  a  constituent  of  the  groundmass.  The  gronndmass, 
where  noted  along  faults  or  shear  zones,  is  altered  more  or  less 
to  epidote.  This  is  evidence  that  where  the  composition  of  the 
rock  was  favorable,  i.  e.,  where  lime-alumina  silicates  were 
present,  alteration  to  epidote  took  place  during  the  period  of 
compression.  The  absence,  therefore,  of  such  alteration  pro- 
ducts as  epidote  and  chlorite  in  the  Quincy  granite  seems  due 
rather  to  the  absence  of  lime  and  magnesia  in  the  rock  than, 
as  might  at  first  be  supposed,  to  any  wide  difference  in  age. 

Alkali  Fdsite, — The  Quincy  granite  series  is  cut,  on,  and 
west  of,  Pine  Hill  in  West  Quincy,  by  an  irrejsrular  mass  of 
felsite,  which  may  be  confused  megascopically  with  the  felsites 
above  mentioned ;  but  the  microscope  proves  it  to  be  of  dis- 
tinctly alkaliq  character,  and  closely  related  to  the  Quincy 
granite  in  mineral  composition.  Intrusive  bodies  of  the  same 
type  of  felsite  are  found  at  a  few  other  places  in  the  Blue 
Hills,  and  an  extrusive  body  lies  between  Pine  Hill  and  the 
ponds  to  the  south. 

Evidence  in  the  Boston  Basin. 

The  Boston  Basin  sediments,  assigned  to  the  Carboniferous 
Age,  include  a  thick  mass  of  Roxbury  conglomerate  conform- 
ably overlain  by  the  Cambridge  slate.  They  are  bounded  on 
the  north  bv  a  fault  scarp,  which  extends  west-southwest  from 
Lynn  to  Waltham  or  farther,  and  separates  them  from  the 
hills  of  granite,  diorite,  and  felsite ;  on  the  south  by  another 
fault,  of  nearly  east-west  trend,  which  separates  them  from 
the  Qiii^cy  granite.  The  sediments  narrow  westward,  and  end 
in  a  narrow  band  which  curves  southward  through  Needham 
and  Dover.  The  whole  series  is  thrown  into  a  series  of  nearly 
east-west  folds,  the  erosion  of  which  has  left  alternating  bands 
of  conglomerate  and  slate. 

The  conglomerate  with  its  intercalated  sandy  and  slaty  beds, 
consists  chiefly  of  felsite,  granite,  and  quartzite  fragments, 
with  a  minor  amount  ot  basic  igneous  rocks  and  Cambrian 
slate.  The  felsite  pebbles  are,  in  most  cases,  readily  identified 
megascopically  as  derived  from  the  older  felsite  masses.  A 
few,  which  resemble  the  younger  alkaline  felsite  megascop- 
ically, have  been  proved  in  thin-section  to  belong  to  the  older 
felsite.  The  granite  pebbles  also  have  been  proved  megascop- 
ically and  microscopically  to  belong  to  the  biotite-granite  series, 
tbouffh  an  occasional  pebble  resembles  closely  the  much 
weathered  surfaces  of  Quincy  granite.  Slaty  intercalated  beds 
are,  so  far  as  seen,  of  prevailing  ^eddish  or  purplish  color. 
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These  colors  are  also  present  in  the  matrix  of  the  conglomerate 
where  not  obscured  by  the  abundance  of  pebbles  or  by  a 
strong  development  of  green  alteration  minerals. 

The  Cambridge  slate,  which  overlies  the  conglomerate  con- 
formably, is  characterized  by  a  bluish  gray  to  nearly  black 
color,  and  by  a  distinct,  though  not  prominent,  banding. 

While  evidence  throughout  the  Basin  is  of  general  import- 
ance, that  of  most  critical  value  lies  in  the  outcrops  nearest  the 
Quincy  granite  along  the  south  boundary.  The  structural 
relations,  largely  concealed  by  an  extensive  covering  of  glacial 
drift,  have  been  interpreted  as  follows  by  Prof.  Crosby* :  A. 
band  of  arkose,  measuring  from  450  to  500  feet  across  the 
strike  and  dipping  steeply  to  the  north,  extends  eastward  along 
the  boundary  fault  from  north  of  great  Blue  Hill  as  far  as' 
East  Milton.  Its  terminations  west  and  east  are  concealed 
under  drift,  but  evidence  as  a  whole  favors  the  conclusion 
that  its  eastward  end  is  bevelled  off  by  the  fault.  Overlying 
the  arkose  is  a  bed  of  purplish  slate,  100  feet  thick,  and  over 
that  a  conglomerate  extending  through  Milton  Centre  and 
south  of  Forbes  Hill  in  Quincy,  where  it  is  in  contact  with  the 
boundary  fault.  The  dip  of  the  sediments  varies  from  40°  N. 
to  vertical  or  even  slightly  overturned  to  the  north,  and  is 
attributed  in  part  to  the  (irag  effected  by  the  faulting.  The 
conglomerate  south  of  Forbes  Hill  is  overlain  by  Cambridge 
slate,  and  has  a  thickness  of  200  to  over  400  feet.  The  thick- 
ness of  the  entire  conglomerate  series  is  far  greater,  and  all  but 
the  upper  part  of  the  series  has  been  concealed  by  the  fault. 
The  displacement  along  the  fault  has  been  estimated  by  Prof. 
Crosby  to  be  at  least  2000  feet,  and  is  believed  to  have  grown 
during  the  deposition  of  the  conglomerate  series.  The  writer's 
own  evidence  neither  confirms  nor  denies  these  conclusions. 

Prof.  Crosby  believed  many  granite  pebbles  in  the  con- 
glomerate south  of  Forbes  Hill  to  be  of  weathered  Quincy 
granite,  but  megascopic  and  microscopic  study  bj  the  present 
writer  have  failed  to  identify  any  of  the  granite  pebbles  as 
belonging  to  the  Quincy  type.  The  so-called  arkose  was 
believed  ooth  by  Prof.  Crosby  and  Dr.  Mansfield  to  contain 
detritus  of  Quincy  granite,  but  microscopic  evidence  fails  to 
confirm  this  opinion.  The  rock  contains  no  feldspar,  but  con- 
sists of  purplish  quartz  grains  cemented  and  somewhat 
enlarged  by  a  recrystallized  matrix  of  sericite  and  quartz. 
One  or  two  sericitic  aggregates  found  were  more  suggestive  of 
altered  felsite  than  oi  altered  feldspar.  The  "arkose"  then 
gives  only  negative  evidence.  It  is  worth  noting,  however,  that  in 
the  biotite  granite,  even  where  much  altered,  the  microperthite 
is  very  free  from  sericite ;  also  that  where  the  Quincy  granite 
♦Op.  cit.,pp.  417-485. 
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is  exposed  adjacent  to  the  fault,  its  pink  microperthite  shows 
no  marked  alteration  to  sericite.     It  therefore  seems  probable  ; 
that,  had  the  "  arkose"  been  derived  from  the  Quincy  granite, 
considerable  microperthite  would  be  found  in  thin-section. 

This  evidence  also  disproves  the  suggestion  of  Dr.  Mans-  | 
field*  that  the  arkose  was  the  basal  memoer  of  the  series,  rest- 
ing unconformably  upon  the  Quincy  granite,  and  that  the 
boundary  fault  lay  some  distance  to  the  north.  Further  evi- 
dence against  this  suggestion  was  found  by  the  present  writer 
in  the  summer  of  1909  at  Blue  Hill  village,  where  a  new  road  . 
cut  had  exposed  the  Quincy  granite  in  fault  contact  with  the 
"  arkose."  The  exposure  was  small,  but  showed  the  fault  to 
be  reversed.  Its  strike  crossed  that  of  the  ''  arkose"  at  a  very 
low  angle,  its  dip  was  uneven  but  averaged  about  80°  south. 
The  dip  of  the  '*  arkose"  was  very  steep  to  the  north. 

The  above  evidence  is  reasonable  proof  that  the  portion  of 
the  conglomerate  series  now  exposed  in  the  Boston  Basin  was 
not  derived  from  the  Quincy  granite ;  but  the  absence,  on  the 
other  hand,  of  any  intrusions  from  the  Quincy  granite  series 
into  the  conglomerate  series  fails  to  indicate  that  the  latter  is 
older  than  the  former.     Evidence  thus  far  is  wholly  negative. 

Evidence  in  the  Norfolk  Basin. 

The  Norfolk  Basin  comprises  a  series  of  sediments,  extend- 
ing in  a  belt  one  to  over  two  and  a  half  miles  wide,  from  Great 
Pond  in  Braintree  west-southwest  to  Wrentham,  where  it 
joins  the  Narragansett  Basin.  Its  eastern  boundary  is  con- 
cealed by  drift,  but  is  believed  to  be  a  north-south  fault.  Its 
southern  boundary  is  a  nearly  east-west  fault  which  separates 
it  from  the  biotite-granite  series.  The  northern  boundary, 
within  the  area  considered,  is  the  south  base  of  the  Blue  Hills. 
The  sediments  consist  to  some  extent  of  very  coarse  conglom- 
erate, grit  and  arkose,  but  mostly  of  reddish  sandstone  and 
slate.  As  a  whole  they  strike  nearly  east-west,  and  dip  70°  to 
90°  south ;  outcrops  are  few  and  far  between,  but  their  atti- 
tude as  a  whole  is  suggestive  of  a  monoclinal,  or  closely  folded 
synclinal  structure  bevelled  by  the  south  boundary  fault,  and 
modified  by  minor  faults  along  certain  shaly  beds.  One  or 
two  outcrops  on  the  west  side  of  Great  Pond  have  a  nearly 
southward  strike  and  westward  dip,  indicating  a  westward 
pitching  syncline.  The  minor  faults  are  more  or  less  clearly 
exposed  in  the  railroad  cuts  about  three  miles  southwest  of 
Great  Blue  Hill. 

The  lowest  member  of  the  series  is  called  by  Prof.  Crosby 
a  "  giant  conglomerate."     It  is  exposed  intermittently  along 

*0p.  cit.,  p.  206. 
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the  base  of  the  Blue  Hills  from  north  of  Great  Pond  westward 
to  Houghton's  Pond.  Its  dip  is  nearly,  or  quite,  vertical.  It 
is  composed  chiefly  of  bowlders,  up  to  four  feet  in  diameter,  of 
a  dark  reddish  granite-porphyry,  with  smaller  rounded  pebbles 
of  felsite,  slates,  and  sandstones.  The  matrix  is  inconspicuous, 
save  in  occasional  sandy  or  shaly  lenses,  which  have  a  red 
color. 

Prof.  Crosby*  considered  that  the  granite-porphyry  bowlders 
had  been  derived  from  the  adjacent  hills  of  Quiney  granite- 
I '  porphyry ;  and  accordingly,  that  the  giant  conglomerate  was  a 

I  basal  conglomerate  ;  but  Dr.  Mansfieldf  failed  to  identify  any 

I  ^  pebbles  of  the  Quiney  granite  series  in  the  giant  conglomerate, 

finding  only  granite  of  the  biotite  type.  He,  therefore,  favored 
the  conclusion  that  the  giant  conglomerate  was  not  basal  and 
that  the  true  basal  member  had  been  concealed  through  down- 
faulting  along  the  present  base  of  the  Blue  Hills. 

Tlie  writer  first  visited  the  locality  with  Prof.  Crosby  in 
1909,  and  later  made  a  microscopic  study  of  the  granite-por- 
ph;^ry  then  collected.  It  provea  undoubtedly  to  be  of  the 
Quiney  type,  and  was  free  irom  sericite,  epidote,  and  chlorite. 
Some  of  the  bowlders  in  the  conglomerate  contained  portions 
of  small  quartz  veins  which  did  not  pass  in  the  matrix.  The 
same  type  of  quartz  vein  was  fouiid  in  the  adjacent  granite- 
porphyry  ledges.  The  felsite  pebbles  were  not  studied  in 
thin-section,  and  may  be  partly  or  wholly  derived  from  the 
older  felsite,  but  their  study  was  not  necessary,  so  long  as  the 
character  of  the  granite-porphyry  was  proved.  Evidence  thus 
proves  the  presence  of  Quiney  granite  detritus  in  the  exposed 
sediments  of  the  Norfolk  Basin,  and  its  absence  in  the  exposed 
sediments  of  the  Boston  Basin. 

The  giant  conglomerate,  where  measured,  has  an  exposed 
jthickness  of  450  to  500  feet.     It  grades  abruptly  upward  into 

('a  greenish  gray  sericitic  grit,  or  fine  conglomerate,  in  which 
only  one  or  two  small  pebbles  of  Quiney  granite-porphyry  have 
been  found.  Thin  lenses  of  red  shale  or  fine  sandstone  are 
also  intercalated  in  the  grit.  The  best  exposure  of  this  grada- 
tional  relation  is  on  the  north  side  of  the  eastward-flowing 
stream,  south  of  Bear  Hill  and  but  a  few  steps  west  of  the  fork 
in  the  north-south  road  (Randolph  Ave.).  The  grit  on  the 
south  side  of  the  stream  passes  upward  into  red  sandstone  and 
slate,  which,  to  the  southwest  along  the  railroad,  gives  way  to 
gray  sandstone  and  slate.J 

Op.  cit.,  pp.  471-478.  t  Op.  cifc.,  pp.  221-226. 

X  The  ontcrope  of  gray  sandstone  and  shale  are  isolated  and  their  strati- 

'aphic  position  nnoertain.     They  may  overlie  the  red  sandstone,  or  may  be 

[the  equivalent  of  the  grit  or  fine  conglomerate  and  form  the  soath  limb  of  a 

'syncline.     In  figs.  3  and  4,  the  gray  sandstone  is  shown  tentatively  above 

the  red  sandstone. 


Digitized  by 


Google 


f 


and  the  Adjacent  SedimerUary  Formations,  25 

Field  study  of  the  giant  conglomerate  provem\liat  bowlders 
and  pebbles  of  Quincy  granite-porphyry  are  confined  to  those 
outcrops  close  to  the  south  base  of  the  Blue  Hills  range. 
Several  outcrops  of  coarse  conglomerate-  were  studied  along, 
and  near,  the  curving  road  (Pecunit  St.)  which  borders  fthe 
Neponset  River  swamp,  a  mile  and  a  half  southwest  of  Great 
Blue  Hill,  and  here,  too,  pebbles  of  the  Quincy  granite  series 
were  found  to  be  limited  to  the  northernmost  exposures,  giving 
way  southward  to  an  increasing  number  of  the  epidotic  granite, 
felsite,  quartzite,  and  slate  pebbles.  The  giant  character  of 
the  conglomerate,  however,  prevailed  even  where  pebbles  of 
the  Quincy  series  were  inconspicuous  or  absent.  Thin  pebbly 
beds  in  the  red  and  gray  sandstones  and  shales  were  found  in 
several  places,  and  in  these  too  the  absence  of  Quincy  granite 
material  and  abundance  of  pebbles  derived  from  the  biotite  ( 
granite  series  is  the  rule  without  exception. 

Interpretation  of  Structure. 

Significance  of  the  Giant  Conglomerate. — There  can^  there- 
fore, be  little  doubt  that  the  strictly  local  giant  conglomerate     . 
js  the  basal  member  of  the  JNoriolJc  Hasin  sediments  along  tlie   ^ 
Blue  Hills. 

The  presence  in  the  conglomerate  of  bowlders  and  pebbles 
of  only  the  granite-porphyry  phase  implies  that  only  the  upper 
part  of  the  Quincy  granite  mass  could  have  been  exposed  at 
the  time.  Again,  the  gradation  upward  from  the  giant  con- 
glomerate into  the  grit,  sandstone,  and  shale,  of  different  com-  * 
position  is  evidence  that  the  Quincy  granite  mass  was  protected 
from  erosion  during  the  deposition  of  all  but  the  basal  member 
of  the  Norfolk  Basin  sediments.  Whether  it  was  submerged 
below  sea-level,  or  buried  beneath  continental  deposits,  is  a 
question  beyond  the  scope  of  the  present  paper.  The  consider- 
able thickness,  450-500  feet,  of  so  extremely  coarse  a  conglom- 
erate, and  the  absence  in  it  of  sharply  angular  bowlders  suggest 
a  deposit  similar  in  origin  to  an  alluvial  cone,  or  an  accumula-  ' 
tion  at  the  base  of  a  wave-beaten  cliff  as  the  original  form  of 
the  giant  conglomerate.  Either  of  these  forms,  as  well  as  the 
submergence  of  the  Quincy  granite  mass  during  sedimentation, 
would  accord  with  Prof.  Crosby's  conclusion  that  the  sedi- 
ments were  depositedin  a  graben.*  The  bulk  of  the  Norfolk 
Basin  sediments  were  derived  from  a  land  composed  of  the 
biotite-granite  series,  the  older  felsite,  and  the  Cambrian  sedi- 
ments. 

Whether  or  not  identical  conditions  then  existed  along  the 
north  boundary  of  the  Quincy  granite  mass  is  an  unanswerable 
♦  W.  O.  Crosby,  op.  cit.,pp.  500-502. 
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question.  If  they  did,  pebbles  from  the  granite  mass  must 
there  too  have  formed  only  a  local  basal  member  of  the  Boston 
Basin  sediments,  before  the  Quincy  granite  was  protected  from 
erosion.  The  absence  of  such  a  basal  member  from  the  sur- 
face to-day  may  be  iattributed  to  the  formation  of  the  bound- 
ary fault,  which  left  only  the  upper  part  of  the  conglomerate 
exposed  on  the  downthrow  side. 

Significance  of  faults, — Two  principal  systems  of  faults 
are  generally  recognized  through  the  formations  involved  in 
the  present  discussion — one  of  nearly  east-west,  the  other  of 
north-south  trend.     Four  faults  of  the  east-west  system  are  of 

Fig.  2. 


Fig.  2.  Map  showing  the  QniDcy  graDite  mass,  with  the  adjacent  parts  of 
the  Boston  and  Norfolk  Basins,  and  the  surrounding  area  of  biotite  granite 
and  feidsite.  Only  actual  exposures  are  mapped  within  the  two  sedimen- 
tary basins.  Boundaries  not  definitely  mentioned  in  the  text  are  based  on 
Prof.  Crosby's  descriptions.  (Op.  cit.)  Streams,  roads,  etc.,  are  copied 
from  parts  of  the  Boston,  Boston  Bay,  Dedham,  and  Abington  topog^phic 
sheets  of  the  U.  S.  Geol.  Survey. 

especial  importance  in  the  present  instance.  Two  are  repre- 
sented on  the  map  (fig.  2),  a  third  passes  through  Newton 
Centre  and  Brooklme  in  the  middle  of  the  Boston  Basin,  and 
the  fourth  forms  the  north  boundary  of  the  Boston  Basin. 
These  are  interpreted  as  compression  faults  for  the  following 
reasons : — The  southernmost  fault  is  almost  entirely  concealed 
by  drift ;  but,  where  exposed  in  the  railroad  cuts  at  Weymouth 
Landing,  the  wall  rocks,  especially  the  Cambrian  slates,  are 
highly  slickensided  and  show  the  general  effects  of  intense 
compression  and  shearing.     The  fault  plane  is  nearly  or  quite 
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vertical,  but,  as  a  whole,  dips  steeply  to  the  south  with  granite 
as  the  hanging  wall.*  In  the  Norfolk  Basin,  as  already  men- 
tioned, the  strata  lie  nearly  or  quite  vertical.  Furthermore, 
slaty  cleavage,  minor  faults,  and  the  more  or  less  conspicuous 
development  of  secondary  mica,  all  bear  witness  to  intense 
compression.  In  a  compressed  area  consisting  of  granite  and 
fine  sediments,  the  great  contrast  in  resistance  to  stress  would 
promote  a  thrust  fault  between  the  two. 

The  fault  between  the  Quincy  granite  and  the  Boston  Basin 
sediments  has  already  been  described  as  of  a  reversed  charac- 
ter. Shearing  effects  are  excellently  shown  in  the  "arkose" 
by  minor  vein-filled  joints,  and  by  the  cleavage  in  slate  part- 
ings, both  diagonal  to  the  dip  of  the  beds  ana  to  the  trend  of 
the  fault.  These  facts,  together  with  the  semi-metamorphic 
character  of  the  "  arkose,"  favor  the  interpretation  of  the  fault 
as  one  of  compression. 

The  Newton  Centre  fault  needs  no  discussion.  Exposures 
of  it  show  the  slate  overridden  by  conglomerate  in  an  over- 
turned syncline. 

The  northern  boundary  fault  of  the  Boston  Basin  is  com- 
pletely concealed  and  evidence  regarding  it  cannot  be  satisfac- 
tory ;  but  a  small  area  of  conglomerate  and  sandstone  in 
Medford  shows  the  effects  of  severe  compression,  and  the  large 
Medford  diabase  dike  crosses  the  fault  without  sending  branches 
along  it.  There  must,  therefore,  have  been  intense  compres- 
sion along  the  fault,  and  the  fault  must  have  remained  tightly 
sealed  after  its  formation.  There  exists,  also,  as  along  the 
southernmost  of  the  faults,  the  contact  between  rigid  granite 
and  the  more  flexible  sediments.  As  these  faults  all  lie  nearly 
parallel  to  the  axes  of  the  folds,  it  seems  proper  to  attribute  both 
faults  and  folds  to  a  single  period  of  compression.  Movement 
along  these  faults  may  have  been  accompanied  by  some  rota- 
tion of  the  fault  blocks,  as  will  be  shown  beyond.  It  is  also  pos- 
sible that,  both  before  and  after  the  compression  period,  nor- 
mal faulting  may  have  taken  place  along  some  of  these  planes, 
but  not  to  such  an  extent  as  to  obscure  the  effects  of  the  com- 
pression faulting. 

Oeologic  History. — A  restoration  of  original  conditions 
which  accord  with  the  present  structure  is  represented  in  fig. 
3.  The  Quincy  granite  mtss,  with  only  its  top  exposed  to  ero- 
sion through  a  cover  of  Cambrian  slates,  then  formed  a  rela- 
tively low  prominence  within  a  lowland  or  shallow  sea,  floored 
wholly  or  in  part  with  Cambrian  slate  of  moderate  dip.  The 
surrounding  highlands  were  made  up  of  the  biotite-granite 
series,  older  feleites,  and  remnants  of  Cambrian  strata. 
Deposition  of  detritus  from  the  highlands,  and  in  the  lowland, 
•  W.  O.  Croftby,  op.  cit.,  p.  8t>2,  et  seq. 
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or  shallow  sea,  was  accompanied  by  gradual  subsidence  of  the 
region,  and  resulted  in  a  great  thickness  of  conglomerate  and 
sandstones.  During  the  first  stages  of  deposition,  the  local  giant 
conglomerate  of  the  Norfolk  fasin  (and  perhaps  also  of  the 
Boston  Basin)  was  laid  down,  but  the  Quincy  granite  mass 
was  soon  covered  and  protected  from  the  erosion.  The  great 
thickness  of  conglomerate  in  the  Boston  Basin,  according  to 

Fig.  3. 
5  N 


Fig.  8.  '  Hypothetical  section  showing  the  snpposed  relations  between  the 
sediments  of  the  Boston  and  Norfolk  Basins  before  folding  and  faulting.  ' 
The  red  sandstone  of  the  Norfolk  Basin  must,  according  to  this  view,  hare 
been  in  general  equivalent  to  the*  upper  part  ot  the  conglomerate — **  arkose  " 
series  of  the  Boston  Basin,  the  size  of  fragments  diminishing  and  the  amount 
of  red  clay  matrix,  increasing  southward.  The  position  of  the  gray  sand- 
stone of  4he  Norfolk  Basin,  as  stated  in  the  text,  is  open  to  question.  Prof. 
Crosby's  graben  theory  is  generally  applicable  to  the  lower  half  of  the  sec- 
tion, but,  according  to  the  writer's  conclusions,  the  two*  basins  must  have 
been  continuous  after  the  deposition  of  the  basal  strata. 

this  hypothesis,  is  largely  represented  in  the  Norfolk  Basin  by 
grit  and  reddish  sandstone  and  slate,  and  implies  that  the  prin- 
cipal source  of  the  sediments  lay  to  the  north  and  west.  The 
color  of  the  red  sandstones  is  due  to  a  diminishing  in  size  and 
quantity  of  gray  rock  and  mineral  fragments,  and  to  a  corre- 
sponding increase  in  the  red  clay  which  forms  the  matrix  of 
the  conglomerate  in  both  basins.     Continued  subsidence  and 

f;radual  change  of  climatic  conditions  caused  the  gradation 
rom  conglomerate  througli  sandstone  and  slate,  and  finally 
'  into  the  blue-black  Cambridge  slate.  How  far  southward  the 
latter  extended  is  questionable,  but  its  thickness,  possibly  2000 
ft.  or  more,*  in  the  Boston  Basin  y^  suflScient  to  warrant  the 
supposition  that  it  formerly  extended  over  the  sediments  of  the 
Norfolk  Basin  also. 

Following  this  p^eriod  of  deposition  came  one  of  north-south 

tangential  compression.     The  mass  of  newly  formed  sediments 

offered  the  least  resistance  to  defc/mation  and,  yielding  between 

the  blocks  of  rigid  biotite  granite,  were  resolved  into  a  series  of 

♦  L.  LaForge,  quoted  by  J.  ):.  M«nsfield,  op.  cit.,  p.  196. 
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folds.  The  southernmost  fold  in  question,  a  close  syncline 
(simple  or,  perhaps,  compound)  gave  way)Under  excessive  strain 
to  a  compression  fault  (fig.  4\  Similarly  the  syncline  forming 
on  the  north  side  of  the  rigid  Quincy  granite  mass  gave  way  to 
a  compression  fault,  the  rigid  granite  riding  up  against  the  con- 
glomerate and  "arkose."  The  vertical  dip  of  the  giant  con- 
glomerate close  to  the  Quincy  granite  mass  indicates  that  the 

Fig.  4.  n 
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Fig.  4.  N-S  section  through  Bear  HiU  (see  fig.  2)  showing  relation 
between  the  sediments  of  the  Boston  and  Norfolk  Basins.  The  compound 
synclinal  structure  of  the  Norfolk  Basin,  though  very  possible,  is  hypotheti- 
cal, and  serves  to  indicate  the  amount  of  compression  expressed  in  outcrop. 
An  equally  good  interpretation,  based  upon  the  attitudes  of  outcrops, 
would  be  a  simple  close  synclinal  fold  with  the  south  limb  removed  by 
faulting.  The  ^'arkose^'  of  the  Boston  Basin  is  exposed  only  along  the 
boundary  fault.  Its  total  extent  is  not  known.  Vertical  scale  about  twice 
the  horizontal. 

fault  block  (or  blocks)  containing  the  present  exposed  mass  of 
Quincy  granite  must  have  suffered  some  rotation  during  fault- 
ing. This  rotation,  as  already  stated,  accounts  for  the  position 
of  the  still  uneroded  portion  of  the  porphyry  contact  zone. 
According  to  Prof.  Crosby's  interpretation,  the  Quincy  gran- 
ite mass  was  a  tilted  fault  block  prior  to  the  period  of  fo'lding 
and  compression  faulting.  Such  earlier  tilting  may  have  been 
increased  by  the  later  rotation. 

On  the  other  side  of  the  compressed  area,  the  granite  was 
thrust  from  the  north  against  the  sediments  to  form  the  north- 
ernmost of  the  four  faults.  The  Newton  Centre  fault  resulted 
in  the  breaking  of  an  overturned  syncline,  relatively  massive 
conglomerate  overriding  relatively  plastic  slate  from  the  north. 
Other  minor  compression  faults  were  formed,  and  some  of 
them  have  been  mentioned  ;  but  they  are  inconspicuous  beside 
the  four  just  considered. 

These  movements  were  accompanied  by  the  development  of 
secondary  minerals,  depending  upon  the  composition  of  the 
rock.     Quartz  and  sericite  are  the  most  common  minerals  in 
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tlie  sediments,  though  epidote,  chlorite,  and  calcite  are  con- 
spicuous in  places.  The  rigid  biotite-granite  batholith  yielded 
to  compression,  not  through  folding,  but  through  complex 
fracturing,  and  in  these  fractures,  as  well  as  throughout  the 
rock,  the  secondary  minerals,  quartz,  sericite,  epidote,  chlorite, 
and  calcite,  were  formed  through  alteration  of  lime-  and  mag- 
nesia-alumina silicates.  The  slickensided  character  of  the  frac- 
ture lillings  shows  that  these  minerals  had,  in  part  at  least, 
been  deposited  before  the  movements  ceased. 

The  Quincy  granite,  containing  hardly  more  than  a  trace  of 
either  lime  or  magnesia,  was  chemically  more  stable  under  the 
conditions  of  compression.  Even  the  highly  fractured  exposure 
at  the  fault  contact  in  Blue  Hill  village  shows  no  conspicuous 
secondary  minerals,  other  than  quartz  in  veinlets,  which  may 
well  have  been  derived  from  the  contacting  arkose.  Crocido- 
lite  and  magnetite  (as  alteration  products)  appear  limited  to 
films  along  slickensided  joints. 

The  greater  freedom  of  the  Quincy  granite  from  minor  com- 

flex  fractures  would  seem  dependent  on  this  same  condition, 
ts  greater  immunity  from  alteration  gave  it  greater  resistance 
to  the  compressive  movement,  and  it  yielded  by  relatively  few 
persistent  fractures,  which  are  represented  in  its  quarries  to-day 
by  highly  slickensided  joints  or  nearly  east-west  strike  and 
either  northward  or  southward  dip.  The  greater  tendency  of 
the  biotite  granite  to  alter  weakened  its  resisting  powers,  and 
it  yielded,  not  only  along  major  joints  and  faults,  but  espec- 
ially along  the  numberless  minor  fractures,  in  which  the 
secondary  minerals  had  the  opportunity  to  form. 

Subsequent  events  in  the  geologic  history  of  the  district, 
while  of  general  interest,  are  of  no  great  immediate  importance. 
The  only  events  which  deserve  mention  here  are :  (1)  develop- 
ment of  the  system  of  faults,  with  nearly  north-south  trend, 
which  offset  the  compression  faults;  (2)  long  continued  erosion 
which  resulted  in  the  dissected  Cretaceous  and  Tertiary*  pene- 
plains and  removed  the  sediments  from  the  upthrow  sides  of 
the  compression  faults ;  and  (3)  glaciation,  which  has  greatly 
obscured  field  evidence. 

Further  Questions  of  Correlation. — The  writer  showed  in  a 
former  paperf  that  sediments  genemlly  recognized  as  Carbo- 
niferous along  the  western  edge  of  the  Xarrasransett  Basin 
were  older  than  the  Sterling  granite  batholitli — a  reddish 
gneissoid  biotite  granite  without  marked  hydro-thermal  altera- 
tion, and  with  a  minor  phase  of  muscovite  granite.  It  is 
shown  in  the  present  paper  that  the  sediments  of  the  Boston 
and  Norfolk  Basins,  also  generally  recognized  as  Carbonifer- 

«  See  W.  O.  Crosby,  op.  cit.,  p.  538. 

tThis  Journal,  vol.  xxix,  pp.  452-456,  May,  1910. 
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ous,  are  yiumger  than  all  the  granites  which  lie  adjacent  to  " 
them,  including  a  reddish   biotite  granite.     Fossil   plants,* 
found   at   certain   points  in    both   the   Narragansett  and  the 
adjoining  contiguous  Norfolk  Basin,  are   the   principal  evi- 
dence of  the  Carboniferous  age.     The  questions  now  arise  : — 
(1)  are  there  in  the  region  two  batholiths  of  reddish  biotite       ^^ 
granite,  one  non-gneissoid,  but  epidotized,^  and    older    than       / 
all   the  sediments,  and  the  other  gneissoid,  but  not  greatly     ^^ 
epidotized,   and  younger    than   all   the   sediments?     (2)  Do 
both    granites    belong  to    the    same    batholith,   in    portions 
of   which   the  gneissoid   structure   was   developed   by   com- 
pressive   forces    acting   during^    or   closely^   ?fter^   intrusion, 
and  in  other  (or  in  part  the  same)  portions  of  which  epidotiza- 
tion  was  developed  by  much  later  compressive  forces  acting 
long  after  the  granite  had  become  rigid  and  had  cooled  far 
below  its  crystallization  temperature.    If  the  latter  case  can 
be  proved,  there  must  be  a  pronounced  unconformity  separat- 
ing these  sediments  of  the  Narragansett  Basin  older  than  the 
granite  from  those  in  the  Narragansett  and  Norfolk  Basins 
which  are  younger  than  the  granite.f 

The  above  questions,  suggested  by  the  facts  presented  in  this 
paper,  outline  further  interesting  problems  to  be  investigated 
m  the  region  of  eastern  Massachusetts  and  Rhode  Island  ;  but 
their  solutions  may  depend  upon  the  study  and  solution  of 
many  minor  problems  throughout  the  whole  region.  Some  of 
these  more  special  problems  are  now  under  consideration. 

Summary, 

The  igneous  rocks  in  the  area  studied  include  an  altered  bio- 
tite granite  series,  an  older  felsite  series,  the  Quincy  alkaline 
granite  series,  and  alkaline  felsite ;  the  sediments,  much  folded, 
are  the  conglomerates,  sandstones  and  slates  of  the  Boston  and 
Norfolk  Basing.    The  principal  boundaries  between  sedimentary 
and  igneous  rocks  are  faults  of  nearly  east-west  trend,  with  one    ^-^ 
exception — along  the  south  edge  of  the  Quincy  granite  mass, 
where  the  basal  and  strictly  local  "giant  conglomerate"  is  com- 
posed chiefly  of  bowlders  of  Quincv  granite-porphyry.     At  no        ' 
other  place  have  pebbles  of  the   Quincy  granite   series  been     ^-^ 
found  in  the  sediments  of  either  basin.     The  evidence  leads  to 
the  conclusion  that  the  Quincy  granite  mass  formed  a  low 
prominence  which  suffered  erosion  for  a  time,  but  was  soon 

♦Crosby  and  Barton,  this  Journal,  vol.  xx,  ser.  3,  1880,  pp.  416-420  : 
Shaler,  Woodworth,  and  Foerste,  U.  S.  Geol.  Snrv.,  Mon.  xxxiii,  1899. 

t  J.  B.  Woodworth  (Mon.  xxxiii,  U.  S.  Geol.  Snrv.,  1899,  p.  186)  sug- 
gested that  an  unconformity  might  exist  in  the  upper  portion  of  the  Narra- 
gansett sediments,  and  thai  the  younger  of  the  sediments  might  then  be 
correlated  as  Permian. 
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buried  beneath  a  fijreat  thickness  of  sediments.  A  period  of 
north-south  compression  ensued,  throwing  the  sediments  jnto 
east-west  folds.  The  southernmost  fold  in  the  area,  a  syncline, 
gave  way  under  severe  compression  te  a  fault,  granite  riding 
up  against  sandstone  and  slate.  Similarly  another  fault  devel- 
oped on  the  north  sUe  ofthe  Qnincy  granite,  the  granite  riding 
up  against  conglomerate  and  arkose,  and  concealing  the  basd 
member  of  the  sediments,  where  Quincy  granite  pebbles 
would  be  expected. 

The  contrast  in  alteration  is  noted  between  the  epidotized 
biotite  granite  and  the  relatively  unaltered  Quincy  granite,  and 
evidence  is  offered  to  show  that  the  former,  containing  lime- 
and  magnesia-alumina  silicates  was  especially  subject  to  altera- 
tion, while  the  latter,  containing  no  lime  or  magnesia,  was 
relatively  stable  under  conditions  of  compression.  The  diflEer- 
ence  seems  due  to  composition,  and  not,  as  might  at  first  be 
supposed,  to  great  contrast  in  age. 

The  above  conclusions  give  rise  to  further  questions  regard- 
ing the  correlation  of  granites  and  of  sedimentary  formations 
in  Rhode  Island  and  eastern  Massachusetts. 

Department  of  Geology, 
Massachnsetts  Institute  of  Technology. 
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Art.  IV. — The  Prohlem  of  Xeromorphy  in  like    Vegetation 
of  the  Carhoniferous  Period;  by  Alfbed  Dachnowski. 

The  comparatively  abundant  information  which  we  possess 
concerning  the  present  vegetation  in  aspect,  form,  structure 
and  function  as  related  to  differences  in  pnysical,  chemical  and 
biological  factors,  is  in  striking  contrast  to  the  absence  of  a 
correlation  of  similar  data  as  regards  environmental  conditions 
during  geological  periods.  From  the  point  of  view  of  ecology, 
the  vegetation  conditions  of  the  past  are  of  considerable  value, 
however  the  method  of  endeavor  to  understand  the  factors 
which  the  fossil  plants  record.  Those  who  have  confined  their 
ecological  study  to  the  environmental  investigations  of  the 
present  must  sooner  or  later  test  and  supplement  their  investi- 
gations by  reference  to  the  past,  correlate  structural  character- 
istics with  physiological  conditions  of  growth  and  apply  the 
knowledge  of  relations  gained  from  living  plants.  Whether  or 
not  the  data  can  be  accepted  as  sound  Huks  in  the  chain  of  evi- 
dence rests  largely  in  the  value  of  the  experimental  work  at 
hand  and  in  the  degree  with  which  they  interpret  many 
apparent  anomalies. 

The  limiting  climatic  and  physiographic  features  which 
characterize  bogs,  and  the  structural  features  and  functions  of 
the  vegetation  peculiar  to  them,  have  seemed  to  the  writer  of 
sufficient  interest  to  invite  attention  to  an  inquiry  on  the  prob- 
able cause  of  the  xerophily  of  many  of  the  Carboniferous 
plants  which  lived  in  swampy  areas.  The  present  paper  is 
intended,  therefore,  as  a  continuation  of  the  ecological  studies, 
which  appeared  from  time  to  time  on  the  vegetation  of  an 
Ohio  bog  and  peat  deposits.  The  problems  involved  in  the 
following  discussion  are  by  no  means  to  be  solved  within  the 
limits  of  this  paper ;  merely  an  adjustment  of  perspective  is 
made,  leading  from  a  consideration  of  the  fossiliferous  plant 
remains  of  the  Coal  Measures. 

The  characteristic  xerophily  of  the  Carboniferous  vegetation 
has  been  interpreted  by  geologists  as  indicative  of  a  warmer, 
moister  atmosphere,  more  heavily  charged  with  carbon  dioxide 
than  at  present.*  To  the  writer  the  facts  are  hardly  consistent 
ivith  the  external  conditions  assumed.  The  supposition  that 
xeromorphy.  involves  factors  of  climate  is  not  necessarily 
wrong,  but  calls  for  a  fuller  consideration  and  comparison 
along  with  additional  factors,  the  character  and  magnitude  of 
whicn  is  capable  of  producing  like  results.  A  more  satisfactory 
interpretation  of  the  phenomenon  of  xerophily  would  be  found 

•Chamberlin,  T.  C,  and  Salisbury,  R.  D.,  Geology,  ii,  603,  New  York, 
1906. 
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in  the  fact  that  the  present  vegetation  of  undrained  swamps 
and  of  bogs  has  many  of  these  xerophjtic  features,  none  of 
which  are  correlated  with  atmospheric  influences.  The  chief 
cause  for  both  the  xerophily  of  the  coal  flora  and  the  great 
accumulation  of  vegetable  matter  is  not  to  be  looked  for  merely 
in  climatic  implications.  High  temperature  and  humid  air 
do  not  promote,  in  a  high  degree,  decomposition.  The  for- 
mation of  peat  has  been  reported  even  for  regions  about  the 
equator.*  The  great  thickness  of  the  Carboniferous  deposits 
suggests,  however,  that  the  preservation  of  the  debris  was 
favored  by  a  temperate  climate  and  by  agents  in  the  soil  such 
as  are  involved  m  the  accumulation  oiF  peat  to-day.  Simi- 
larly the  force  of  the  inference  from  the  xerophytic  aspect 
of  the  Carboniferous  vegetation, — namely,  the  peculiarities  of 
leaf  size  and  leaf  structure  for  maintaining  a  balance  between 
supply  and  loss .  of  water, — gives  additional  support  to  the 
view  that  the  plants  encountered  adversities  of  soil-water 
content  rather  than  of  climate.  A  satisfactory  explanation  of 
the  phenomenon,  not  controverted  by  any  known  facts,  has 
been  found  in  the  experimental  investigations  of  the  writer  on 
the  reduction  action  and  toxic  character  of  bog  water  and  bog 
Boil,t  the  results  of  which  are  briefly  as  follows.  Poorly 
drained  and  undrained  water  basins  and  lowlands,  whether  in 
areas  characterized  by  limestone  formations,  by  sandstone,  or 
glacial  drift,  become  physiologically  arid  habitats  with  the 
accumulation  of  vegetable  debris.  Although  water  is  so 
abundant  in  bogs  and  swamps,  yet  it  is  largely  unavailable  to 
the  plants  on  account  of  various  decomposition  products  due  to 
the  activity  of  low  organisms  in  the  debris-substratum,  espec- 
ially such  saprophytes  as  bacteria  and  fungi.  Peat  soils  con- 
tain bacteria  and  other  fungi  in  greater  number  than  supposed 
hitherto,  inducing  diastatic,  inverting,  proteolytic,  cytohydro- 
lytic  and  reducing  action  in  the  upper  layer  of  the  substratum, 
they  vary  in  kind  and  number  with  the  nature  of  the  sub- 
stratum, and  show  marked  interdependence  as  well  as  antagon- 
istic action.  It  has  been  found  that,  as  a  general  rule,  there  is 
an  accumulation  of  injurious  substances  which  must  be  removed 
if  no  deleterious  action  is  to  follow,  and  if  complete  decompo- 
sition of  the  debris  is  not  to  be  retarded.  The  complex  and 
rather  ill-defined,  *'  humus  acids,"  more  specifically  humic, 
ulmic,  crenic  and  apocrenic  acids,  are  not  the  important  con- 
stituents to  which  peat  owes  its  antiseptic  properties  and  which 
interfere  with  the  action  of  bacterial  organisms.  In  Ohio  peat 
deposits,  at  least,  the  presence  of  injurious  substances  in  the 

♦  Potoni^,  H..  Die  Entetehung  der  Steinkohle.  152.     Berlin,  1910. 
f  Dachnowski,  A.     The  Vegetation  of  Cranberry  Island  and  its  relations  to 
the  substratam,  temperature,  and  evaporation.    Bot.  Gaz.,  li,  1911. 
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substratum  is  not  in  direct  relation  to  acidity  in  the  soil.  Tests 
on  the  reducing  powers  of  peat  soils  show  that  the  wind-driven 
aeration  has  little  effect  on  the  peat  substratum  beneath  the 
two-foot  level.  A  shallow,  superticial  zone  of  oxidation  exists 
in  peat  soils,  and  the  debris  below  this  is  sometimes  so  charged 
with  injurious  decomposition  products  and  gases,  and  so  far 
unaerated  as  to  be  inhospitable  to  all  organisms  but  anaerobic 
bacteria. 

In  the  growing  season  the  temperature  of  peat  soil,  in 
the  more  xerophytic  of  the  succeeding  bog  associations,  is 
not  below  that  of  other  soils.  Rapid  and  passing  changes  of 
air  temperatures  and  the  occasional  extremes  do  not  affect  the 
substratum  temperatures.  Only  average  effects  prevail  and 
the  great  periodic  seasonal  changes  of  the  dominant  climate. 
The  temperatures  of  tlie  deeper  peat  strata  indicate  that  there 
is  scarcely  anything  of  a  seasonal  descent.  The  continued 
growth  and  persistence  of  the  closely  related  plant  association 
and  the  slow  succession*  of  vegetation  types  in  a  habitat  of  that 
character  is  no  longer  incomprehensible  if  we  remember  that 
the  vegetation  grows  on  top  of  the  accumulating  debris  and 
that  the  water  table  is  always  at  a  high  level.  The  disturbance 
of  the  balance  produced  in  the  soil  is  thus  not  unfavorable  to 
the  dominance  of  the  associations.  There  occur  natural  succes- 
sions which  are  determined,  however,  not  by  a  deficiency  of 
mineral  nutrients,  such  as  lime,  potash,  phosphoric  acid,  or 
great  distance  from  the  mineral  substratum,  but  by  an  exces- 
sive or  defective  action  in  the  substratum.  The  lack  of  mineral 
constituents  does  not  even  render  it  difficult  for  mesophytic 
shrubs  and  trees  to  invade  and  grow  as  the  deposit  is  built  up 
and  oxidation  processes  become  prominent  in  the  surface  layer 
of  the  substratum.  Acidity,  toxicity,  and  reduction  action  rep- 
resent merely  stages  in  the  decomposition  of  organic  matter. 
Each  plant  association  augments  the  efficiency  of  the  soil  as  a 
habitat.  It  cannot  be  too  strongly  emphasized  that  the  soil 
processes  exhibit  an  efficient  natural  process  for  the  mainte- 
nance of  productivity  relations,  and  that  the  prime  condition 
determining  bog  forest  successions  is  not  an  increase  in  the 
mineral  constituents  in  the  peat  soils.  To  what  extent  bog 
plants  require  the  organic  compounds  arising  in  peat  soils  is 
still  undetermined.  The  assimilation  of  such  substances  is 
undoubtedly  made  less  difficult  on  account  of  the  number  of 
saprophytic  fungi  and  the  endotrophic  mycorhiza  usually 
present. 

The  characteristic  foliage  of  heath  and  shrub  bog  plants 
is  distinctly  an  effect  to  a  habitat  with  a  moderate  or  scanty 
physiological  soil-water  content.  Extreme  xeromorphy  is 
reached  in  the  upper  layer  of  open  shrub  associations;  here 
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the  COj  percentage  of  the  vertical  ecradient  is  least  and 
approximates  that  of  the  free  air  ;  the  combined  effect  of 
the  intensity  of  light  and  the  greater  saturation  deficiency  of 
the  air  is  provided  for  by  an  increased  thickness  of  the 
mesophyll  layer  in  the  foliage  to  minimize  disturbances  in 
the  carbon  dioxide  supply.  This  and  the  narrow  leaves  with 
restricted  stomata  confined  to  deep  furrows  and,  in  some  cases, 
protected  by  hairs,  wax,  or  heavy  cuticle,  are  devices  common 
to  plants  in  bogs  where  the  plants  must  protect  themselves 
against  unfavorable  atmospheric  influences.  The  aerial  parts 
of  plants  are  constantly  losmg  water  by  transpiration,  a  process 
similar  to  evaporation  but  controlled  by  the  plants  within  cer- 
tain limits.  To  reestablish  equilibrium  this  water  loss  is 
replaced  by  the  supply  of  water  from  the  substratum  by  root 
absorption.  The  taller  plants  are  thus  subjected  to  a  difficulty 
in  maintaining  the  balance  between  absorption  and  transpira- 
tion, in  the  same  manner  as  are  plants  living  in  deserts  or  in 
sandy  regions.  Thoujgh  the  amount  of  transpiration  exhibited 
by  plants  is  partly  influenced  by  the  physical  conditions  of  the 
atmosphere  such  as  temperature,  humidity  and  wind,  yet  these 
factors  are  much  more  uniform  than  are  the  amounts  of  avail- 
able water  8uppl3\  The  limitations  of  this  paper  do  not  per- 
mit going  into  greater  detail  in  respect  to  the  nature  and  the 
degree  of  toxicity  in  bogs,  or  in  respect  to  the  kinds  of  plants 
or  the  parts  of  plants  which  are  most  affected. 

The  nearest  analogue  of  the  accumulation  and  the  con- 
ditions of  growth  for  the  vegetation  of  the  Coal  Measures  are 
the  bogs  and  marshes  of  to-day.  Were  there  no  other  trust- 
worthy records  of  the  occurrence  of  bacteria  and  fungi  in 
Paleozoic  times,*  it  would  still  be  a  natural  supposition  that 
these  organisms  were  abundantly  represented,  and  produced 
physical  and  chemical  changes  in  the  substratum.  The  trans- 
formation products,  of  whatever  nature,  checked  the  activity 
of  the  roots  of  plants  ami  depressed  their  transpiration.  The 
striking  similarity  of  the  aerial  shoots  of  the  Carbonifer- 
ous plants  to  those  of  modern  times  in  bogs  and  undrained 
swamps  restrain  one,  therefore,  from  assuming  that  the  atmos- 
phere differed  greatly  in  temperature  and  humidity,  or  was 
different  in  the  chemical  constituents  from  what  it  is  now. 
There  may  have  been  moderate  variations  in  the  carbon  diox- 
ide content  of  the  air,  but  this  would  require  experimental 
proof  upon  bog  plants  and  the  group  of  plants  similar  to  those 
which  lived  in  Carboniferous  times,  the  scouring  rushes,  the 
lycopods,  ferns,  cycads  and  gymnosperms,  to  assign  its  limits. 
The  statements  in  current  literature  as  to  the  strengths  of  that 

*  Renault,  6.,  Recherches  sar  les   bacteriacees  fossiles.     Ann.  Sci.  Nat. 
Bot.  (8),  ii,   275-849,1896. 
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gas  which  green  plants  can  endure  are  conflicting*  and  call  for 
further  work  in  the  field  and  in  the  laboratory. 

The  consideration  of  these  facts  leads  to  another  point,  the 
inevitable  conclusion  that  the  form  characters  and  the  funda- 
mental resistance  to  drought  and  desiccation  distinctive  of 
xerophytic  plants,  whether  in  bogs  or  deserts,  must  have  made 
their  appearance  within  early  geologic  time.  They  are  not  of 
recent  developraent.f  The  climate  of  northern  America  has 
undergone  oscillations  between  periods  of  maximum  aridity 
and  maximum  precipitation  and  humidity,  with  extreme  varia- 
tions in  temperature  during  and  following  the  several  glacial 
periods ;  the  amplitude  occupying  periods  of  perhaps  many 
thousands  of  years.  Variations  in  climate  «o  wide  apart  indi- 
cate an  almost  complete  change  in  the  character  of  the  flora 
during  the  geologic  periods.  The  xerophytic  features  which 
characterize  bogs  and  deserts  are  not  to  be  taken,  therefore, 
as  having  come  about  by  a  direct  and  continuously  increasing 
edaphic  or  climatic  aridity.  Aside  from  the  question  as  to  the 
methods  and  the  activating  conditions  in  evolutionary  devel- 
opment, it  seems  certain  that  the  origin  of  xerophytic  forms 
ia  not  one  of  recent  development  in  the  vegetable  kingdom,  but 
must  have  been  concomitant  with  the  diastrophic  and  grada- 
tion processes  of  the  great  geologic  periods.  The  great  floral 
evolutions  of  geologic  history  were  principally  one  of  growth- 
form,  physiognomy,  and  functional  behavior,  and  not  of  floral 
structure  alone.  Water  has  always  been  the  most  important 
of  all  the  life  relations  in  the  environment  of  plants.  In  the 
early  types  of  gametophytic  vegetation  it  remained  necessarily 
of  greatest  importance  for  the  movements  of  gametes  in 
eflfecting  fertilization  and  for  dissemination.  The  luxurious 
development  of  these  forms  in  the  ancient  areas  of  low-lying 
land  became  checked  in  the  stress  of  aridity  encountered  with 
the  accumulation  of  their  debris.  With  the  origin  and  the 
development  of  the  sporophytic  types  of  vegetation,  which 
were  from  the  first  less  dependent  upon  free  water,  the  pro- 
longation of  vegetation  activity  enabled  the  plants  to  occupy 
the  areas  with  greater  habit  reactions.  The  effects  of  desicca- 
tion in  the  physiologically  arid  habitats  resulted  in  greater 
differentiation  of  organs,  in  protective  and  resistance  features:]: 
and  in  a  greater  range  of  dispersal.  The  vegetation  had  now 
developed  to  forms  capable  of  occupying  dry  land,  and  able  to 
maintain  themselves  as  bog  or  desert  vegetation  in  localities 

♦Czapek,  F.,  Die  Ernahmngspliysiologie  der  Pflanzen  seit  1896.  Pro- 
greflSQS  Bei  BotanicaB,  i,  468,  1907. 

fMcDongal,  D.  T.,  Influence  of  aridity  npon  the  evolutionary  develop- 
ment of  plants.     The  Plant  World,  xii,   217-230, 1909. 

t  Dacbnowski)  A.,  Physiologically  arid  habitats  and  drought  resistance 
in  plants.    Bot.  Qaz.,  xliz,  435-340, 1910. 
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reBtricting  functional  activity.  The  general  movement  finally 
resulted  in  a  land  flora  of  which  the  mesophytes  are  the 
highest  expression.  The  lowland  basins  and  regions  of  coal 
formation  were  undoubtedly  the  regions  of  the  evolution  of 
the  flora  as  a  whole*  and  of  the  several  natural  plant  formations 
which  include  many  diverse  species  in  a  unity  of  characteristic 
physiognomy  and  growth  form.  The  extensive  change  in 
floral  types  which  is  particularly  evident  through  the  subordi- 
nation of  the  ferns  to  grasses  and  heath  plants,  and  the  elimi- 
nation and  replacement  of  the  primitive  gymnosperms  by  the 
later  gymnosperms  and  angiosperms  is  largely  one  of  range 
and  variability  of  protoplasmic  forces.  In  some  types  the 
characteristics  often  bear  no  apparent  relation  to  the  environ- 
ment and  are  retained  under  tne  most  varied  conditions  ;  yet 
many  others  are  profoundly  and  rapidly  modified  by  changes 
in  climate,  physiography,  and  soil  processes.  Probably  the 
arctic  regions  were  then  the  most  favorable  for  the  growth  and 
development  of  xeromorphic  forms.  Migration  from  northern 
centers  of  dispersal,  the  periods  of  climatic  aridity  and  the 
changes  immediately  before  and  after  ice-invasions,  undoubtedly 
accentuated  the  ecological  evolution  of  this  type  of  vegetation. 
The  great  development  of  form  in  response  to  the  environ- 
mental stress  was  attended  by  a  rapid  and  luxuriant  expansion 
in  range,  in  successions  of  vegetation  formations,  and  in 
sequence  of  associations.  Several  forms  of  the  cycads,  Bennet- 
.tites  and  conifers  now  inhabit  desert  areas.  Not  less  interest- 
ing is  the  fact  that  many  species  of  heather- plants  of  Europe 
such  as  Calluna,  Empetrum,  several  species  of  pines  (Piiiua 
sylvestris,  P,  montana\  juniper  (Juniperua  communis) 
birches  {Betula  puhescens^  B,  na7ia\  Labrador  tea  {Ledum 
palu8ire\  bladderwort  (  Utricularia  cornuta)  and  others,  can 
grow  both  on  extremely  dry,  warm  soil  and  on  extremely  cold 
or  wet  soils.  The  observation  has  repeatedly  been  made  by 
the  writer  that  in  the  northern  parts  of  Michigan  several  species 
of  bog  plants  leave  the  peat  soils  entirely  and  are  only  found 
upon  dry  and  poor  soils.  This  is  notably  the  case  with  tamar- 
ack {Larix  laricina)  the  chokeberries  {Aronia  nigra ^  A.  arhuti- 
folia\  the  blueberries  (  Vacciniiim  corymho8um^  V.  canadense\ 
the  black  huckleberry  {Gayhissaccia  hacata\  the  shrubby 
cinquefoil  {Potentilla  fruticosa)^  sweet  gale  {Myrica  gale\  the 
steeple  bush  {Spiraea  if>mento8a)  and  several  other  xerophytes 
of  the  peat  bogs  of  Ohio.  The  cranberries  (  Vaccinium  sp.), 
creeping  snowberry  {Chiogenes  Mspidula)^  and  wild  rosemary 
{Andromeda polif olio)  occur  in  moist  ravines  and  rich  woods, 
while  leather  leaf  {Chamcedaphne  calyculata\  the  buck  bean 
*  Bower,  F.  O.,  The  origin  of  a  land  flora.    London,  1908. 
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{Menyomthes  trifoUatd)  and  Labrador  tea  {Ledum,  grcenlomdi- 
cum)  are  found  along  slow  streams.  The  majority  of  these 
plants  occur  in  Europe  and  Asia,  in  habitats  o^  similar  condi- 
tions. They  are  bog  plants  only  in  the  southern  part  of  their 
range.  This  departure  is  in  no  sense  an  adaptation  to  climatic 
influences  but  is  an  equilibrium  relation  or  balance  between 
the  absorbing  organs,  the  conducting  shoots  and  the  transpiration 
surface  against  drought  conditions  common  to  either  habitat. 
The  structures  and  distribution  habits  are  induced  by  physiolog- 
ical aridity  or  poverty  of  available  water ;  morphological  limi- 
tations in  the  absorption  or  in  the  conduction  of  water  do  not 
play  a  role.  The  physiological  water  relation  alone  must  be  take  n 
into  account  for  the  form  and  habits  of  bog  and  swamp  xero- 
phytes,  even  if  the  plants  inhabit  regions  of  pronounced  rainfall 
and  milder  temperatures.  The  appearance  of  such  differ- 
entiation cannot  be  taken  as  one  of  rapid  and  notable  evolu- 
tionary development  or  as  one  of  the  most  important  in  the 
history  of  plants ;  nor  would  it  be  safe  to  assume  that  bog  and 
desert  floras  owe  their  origin  to  gradual  adaptations  resulting 
from  the  action  of  climatic  changes.  The  possibilities  of  sur- 
vival are  very  great  for  forms  thrown  into  the  complex  con- 
ditions of  a  locality  where  the  functional  and  structural 
capacities  are  suitable  for  the  limiting  physico-chemical  factors 
encountered  in  the  habitat.  The  plants  are  functionally  fitted 
to  occupy  the  place  in  a  zone  with  its  system  of  factors.  The 
qualities  of  growth  which  enable  competition  in  the  crowding 
out  of  other  forms  are  not  of  primary  importance  in  the 
struggle  and  selection  where  pnysiological  capacities  and 
structural  modifications  have  the  survival  value  for  activity 
during  drier  seasons.  Invaders  would  not  exclude  the  forms 
by  which  a  bog  or  desert  is  characterized,  except  where  the 
influence  of  external  conditions  has  produced  irreversible 
changes  in  a  hereditary  line.  The  structural  alterations  in 
roots  and  shoots  of  bog  plants  cannot  be  looked  upon  as  of 
comparatively  recent  origin.  The  phenomenon  of  xeromorphy 
has  exhibited  itself  too  generally  in  a  variety  of  plants  and  of 
conditions  in  space  and  time.  The  transition  to  xeromorphy 
has  been  made  not  once  but  several  times  along  different  hues 
of  descent.  It  arose  in  the  highest  plants  independently  from 
that  of  the  ferns  and  cycads,  and  the  xeromorphy  exhibited 
here  and  there  among  families  in  a  genus  probably  arose  inde- 
pendently along  a  minor  line  of  development ;  as  such  it  is  the 
general  response  in  plants  to  minimize  or  balance  disturbed 
physiological  water  relations. 

Ohio  State  University, 
Colnmbue,  Ohio. 
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Abt.  V. — A  Discussion  of  the  Formvlas  of  Pearceite  and 
Polybasite ;  by  Frank  R.  Van  Horn. 

The  calculation  of  the  formula  of  the  pearceite  from  the 
Veta  Rica  mine,  Sierra  Mojada,  Coahuila,  Mexico,  which  was 
given  in  a  preceding  paper,*  showed  conclusively  that  the 
analysis  conformed  more  closely  to  the  formula  (Ag,Cu),.A8,S„ 
than  to  that  of  the  molecule  (Ag,Cu),gAs,S„.  The  latter  was 
assumed  to  be  isoraorphous  witn  polybasite,  ( Ag,Cu),gSb,Sj, , 
the  formula  of  which  was  proposed  by  Heinrich  Rose  in  1829,t 
and  has  been  accepted  by  most  mineralogists  ever  since.  The 
writer,  while  lookmg  up  the  literature  on  the  subject,  found  a 
few  words  relative  to  the  matter  in  Hintze's  Mineralogy.:]: 
The  statement  was  made  that,  in  1875,  Rammelsberg  in  his 
Mineralchemie  gave  two  formulas  for  polybasite,  namely : 
(Ag,Cu)„Sb,8„  and  ( Ag,Cu)„Sb,8„ ;  further,  in  the  last  edition 
of  the  same  book  in  1895,  the  latter  formula  was  given  alone, 
evidently  discarding  the  Rose  formula.  Hintze  also  pointed 
out  that  Bodlander  in  1895  showed  that  in  polybasite  there 
was  a  variation  in  the  proportion  of  R,S :  R,S,  which  ranged 
between  7*22  and  10*1.  Bodlander  therefore  concluded  that 
polybasite  was  a  mixture  of  7Rj8.Sb,S,  and  9R,S.A8,S, . 
With  the  formula  of  the  new  occurrence  of  pearceite  from 
Sierra  Mojada,  as  well  as  the  statements  of  Hmtze  in  mind, 
the  writer  became  interested  in  recalculating  all  previous  anal- 
yses of  both  pearceite  and  polybasite  in  order  to  ascertain  what 
the  actual  combining  ratios  were. 

Pearceite, 

Upon  investiration,  it  was  found  that  there  have  been  but 
five  analyses  published  prior  to  that  of  the  preceding  paper. 
These  five,  with  that  of  the  Sierra  Mojada  pearceite,  will  be 
given  in  chronological  order  beginning  with  the  oldest,  as  fol- 
lows: 

1.  Schemnitz,  Hungary,  H.  Rose,  Pogg.  Ann.,  xxviii,  168, 1833. 

2.  Arqueros,  Chile,  crystals,  Domeyko,  Min.,  1879, 393. 

3.  Molly  Gibson  mine,  Aspen,  Colorado,  crystallized,  Penfield 
and  Pearce  (analysis  by  Penfield),  this  Journal,  xliv,  17,  1892.  In 
this  analysis  12*81  per  cent  of  impurities  were  deducted,  and  the 
analysis  was  recalculated  by  Penfield  in  the  present  form. 

4.  Same  locality  as  3,  but  massive  with  28*18  per  cent  deducted 
for  impurities.    Penfield  and  Pearce  as  above  (analysis  by  Pearce). 

*  A  New  Occurrence  of  Pearceite ;  by  Frank  R.  Van  Horn  and  C.  W. 
Cook,  this  Journal,  xxxi,  518,  1911. 
f  H.  Rose,  Pogg.  Ann.,  xv,  575, 1829. 
X  C.  Hintze,  Handbuch  der  Mineralogie  1904,  i,  1171. 
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5.  Drumlummon  mine,  Marysville,  Montana,  crystals,  Penfield 
(analysis  by  Knight),  this  Journal,  ii,  18, 1896. 

6.  Same  analysis  as  5  with  the  '42  per  cent  of  insoluble  matter 
distributed  proportionately. 

7.  Yeta  Rica  mine.  Sierra   Mojada,  Mexico,  crystals,  Van  Horn 
and  Cook  (analysis  by  Dubois),.this  Journal,  xxxi,  523,  1911. 
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A  comparison  of  the  analyses  shows  that  the  two  most  recent 
ones,  6  and  7,  are  most  similar  in  chemical  composition,  both 
being  the  pure  arsenical  molecule.  However  there  was  no  iron 
in  7.  The  analysis  resembling  6  and  7  most  closely  is  2.  It  is 
also  significant  that  these  three  analyses  were  made  from  pure 
crystallized  mineral,  while  3  and  4  were  made  from  material  so 
impure  that  12-81  and  28*18  per  cent  had  to  be  deducted  for 
impurities,  and  the  result  recalculated  before  it  could  be 
expressed  in  the  form  given  above.  Furthermore  it  was 
stated  that  there  was  0-46  and  2-57  per  cent  of  FeCO,  in  3  and 
4  respectively,  and  although  some  siderite  may  have  been  visi- 
ble, it  seems  plausible  that  some  iron  should  be  credited  to  the 
mineral,  since  that  element  is  fairly  constant  in  most  pearceite 
as  well  as  polybasite.  It  is  not  certain  what  kind  of  material 
Rose  used  in  1,  although  Hintze*  mentions  under  polybasite 
"trigonal  gestreifte  Krystalle  (Rose's  Analyse  vergl.  S.  1169) 
in  Quarz-Drusen,  sowie  blattrige  bis  schalige  Massen,  mit 
Pyrargyrit,  Silberglanz,  Eisenkies,  brauner  und  gelber  Blende." 
It  is  to  be  noted  that  the  specific  gravity  was  not  determined, 
and  that  none  of  the  undoubtedly  crystallized  material  given 
in  2, 6,  and  7  contains  zinc.  The  first  five  analyses  given  above 
were  recalculated  in  order  to  find  their  combining  ratios.  In 
doing  this  the  International  Atomic  Weights  for  1911  were 
employed   with   the   following  values :    S,  32-07 ;   As,  74-96 ; 

*  Op.  cit.  page  1173. 
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Sb,  120-20 ;  Ag,  107-88 ;  Cii,  63-57 ;  Fe,  65-85 ;  Zn,  65-37.     The 
following  combining  ratios  were  obtained:  — 

Analysis.  S         (As,Sb)  ( AgsCuiFe.Zn) . 

1.  Schemnitz,  1833 12-330  2  8-690 

2.  Arqueros,  1879 10-670  2  7*728 

3.  Aspen,  crystallized,  1 892 11786  2  8*830 

4.  Aspen,  massive,  1892 12-766  2  9*852 

5-6.  Marysville,  1896 1M88  2  8-446 

7.  Sierra  Mojada,  1911 10-800  2  7886 

An  inspection  of  these  ratios  shows  that  the  proportions 
obtained  in  2,  6,  and  7  conform  more  nearly  to  the  for  ran  la 
(Ag,Cn,),As,S„  than  to  (Ag^CuJ.AsjSj,  ;  4  does  not  conform 
to  either,  which  is  probably  due  to  the  fact  that  28*18  per  cent 
of  impurities  had  to  be  deducted  before  the  analysis  was  avail- 
able tor  calculation  at  all.  In  addition  to  this,  2*57  per  cent 
of  FeCO,  was  deducted,  some  of  which  probably  belonged  to 
the  pearceite.  Analysis  3  lies  between  tlie  two  formulas,  and 
slightly  nearer  the  larger  values,  but  since  the  same  methods 
employed  in  4  were  used,  and  12*81  per  cent  of  impurities  had 
to  be  deducted,  the  writer  is  inclined  not  to  attach  great  impor- 
tance to  the  ratios  obtained  in  this  analysis.  It  certainly  could 
not  be  used  as  convincing  proof  of  the  correctness  of  the 
larger  formula.  The  remaining  analysis,  1,  was  made  in  1833 
ana  conforms  more  nearly  to  the  larger  formula,  but  the  sul- 
phur is  considerably  more  than  required,  while  the  silver  is 
much  less  than  is  demanded  by  the  larger  formula,  thus  showing 
a  wide  variation  in  results.  Considering  all  facts  in  connection 
with  the  analyses  of  pearceite,  and  especially  the  purity  of 
material  used,  the  writer  feels  justified  in  suggesting  the  form- 
ula 8(Ag,CuXS.As,S,  or  (Ag,Cu),pAs.jS„  instead  of  (AgjCu),, 
As,S,j,  which  was  first  proposed. 

Polyhasite. 

Since  pearceite  is  regarded  as  being  isomorphous  with  poly- 
hasite, and  shows  the  same  relation  to  it  which  is  observed 
between  proustite  and  pyrargyrite,  or  between  tennantite  and 
tetrahedrite,  the  writer  becameinterested  in  polybasite  analyses. 
All  authors  with  the  exception  of  Rammelsberg  (cited  under 
pearceite)  accept  the  formula  9(Ag,Cu),S.Sb,S,  or  (Ag,Cii),SbS 
which  was  proposed  by  H.  Rose  in  1829.  However  Hintze* 
in  the  table  of  polybasite  analj^ses  gives  the  theoretical  compo- 
sition of  the  formula  proposed  by  Rammelsberg,  Ag,.Sb,S„ , 
in  addition  to  Hiat  of  Rose.  Tlie  writer  has  been  able  to  find 
but  ten  analyses  of  this  mineral  which  are  arranged  chronolog- 
ically, beginning  with  the  oldest,  as  follows : 
*  Op.  cit.  page  1174. 
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1.  Gaarisamez,  Darango,  Mexico,  H.  Rose,  Pogg.  Ann.,  xv,  575 
1829. 

2.  Freiberff,  Saxony,  H.  Rose,  Pogg.  Ann.,  xxviii,  158, 1833. 

^  3.  ComwalJ,   Joy,  cited    by    Rammelsberg,    Mineralcbem.,  5 
Suppl,  1853,  194. 

4.  San  Pedro  Nolasco,  Tres  Puntes,  Chile,  Taylor,  Proc.  N.  Sc. 
Phil,,  Nov.  1859. 

5.  Pi'ibram,  Bohemia,  Tonner,  Lotos,  1859,  85,  and  Neues 
Jahrb.,  1860,  716. 

•   6.  Tres  Puntes,  Chile,  Domeyko,  Min.,  1879,  391. 

7.  Al  Finhallada,  Tres  Puntes,  Chile,  Domeyko,  Min.,  1879,  391. 

8.  Terrible  Lode,  Clear  Creek  Co.,  Colorado,  Genth,  Amer. 
Phil.  Soc.  xxiii,  39,  1886. 

9.  Santa'  Lucia  mine,  Guanajuato,  Mexico,  Prior,  Min.  Soc, 
Lend.,  ix,  14,  1890. 

10.  Quespisiza  (Chile?),  Peru,  Bodl&nder,  Neues  Jahrb,,  i,  99, 
1895. 
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In  analyses  6  and  7,  the  insoluble  matter  was  deducted  and  the 
analyses  recalculated.  The  same  method  was  followed  with 
the  lead  in  10.  The  same  atomic  weights  were  used  as  in  the 
calculation  of  the  pearceite,  and  the  following  combining  ratios 
were  found : — 

AnalyBis  S  (Sb^As)  (Ag,Cu,Fe) 

1.  Gaurisamez,  Rose,  1829 11*524 

2.  Freiberg,  1833 11-938 

3.  Cornwall,  1853    10-898 

4.  San  Pedro  Nolasco,  1859 10-482 

5.  PHbam,  1860 lO'llO 

6.  Tres  Puntes,  1879 11224 

7.  Al  Finhallada,  1879  12-070" 

8.  Terrible  Lode,  1886 10-960 

9.  Santa  Lucia,  1890 10-096 

10.  Quespisiza,  1895 10-800 

An  inspection  of  the  ten  ratios  shows  that  seven  of  them 
(3,  4,  5,  6,  8,  9,  10)  conform  more  closely  to  (Ag,Cu),gSb,S„ 
than  to  (Ag,Cu),,Sb,S„ .     Furthermore  in   1,  which   was  the 
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analysis  upon  which  Eose  based  his  formula,  the  silver  is 
clearly  nearer  the  smaller  value  (8*17),  while  the  sulphur  is 
almost  as  near  the  smaller  quantity  as  it  is  the  larger  (11'524). 
There  is  only  one  analysis  which  conforms  strictly  to  Rose's 
formula,  namely  7.  The  remaining  analysis,  2,  conforms  to  the 
larger  formula  closely  with  respect  to  sulphur  (11-938),  but  the 
silver  is  again  nearer  the  smaller  quantity  (8'470).  Therefore 
the  evidence  of  all  previous  analyses  of  polybasite  is  over- 
whelmingly in  favor  of  the  formula  (Ag,Cn),.(Sb,As),Sj, 
which  was  first  suggested  by  Rammelsberg  in  1875.  In  addi- 
tion to  the  testimony  of  the  combining  ratios  given  above,  we 
also  have  the  undoubted  isomorphism  of  polybasite  with  pearce- 
ite in  which  the  combining  ratios  conclusively  point  to  the 
formula  (Ag,Cu),,(A8,Sb),S„ .  The  writer  therefore  feels  that 
all  available  evidence  logically  warrants  the  acceptance  of  the 
smaller  formula  for  both  pearceite  and  polybasite. 

Geological-Mineralogical  Laboratory, 
Case  School  of  AppUed  Science, 

Cleveland,  Ohio,  February.  1911. 
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Art.  VI. — Ceruesite  Twins  from  the  Begofla  Mine,  Gerro  de 
SanPedro^  San  LuisPotosiy  Mexico;  by  Walteb  F.  Hunt 
and  Fkank  R.  Van  Horn. 

Introd^iction, 

In  March,  1910,  Sefior  Felipe  Borrego,  foreman  of  the 
Gnadalupe  Mine,  Cerro  de  San  Pedro,  Mexico,  sent  several 
specimens  of  minerals  to  Case  School  of  Applied  Science  for 
identification.  Among  the  specimens  were  8  arrow-shaped 
twins  which  the  junior  author  recognized  as  cerussite  of  rather 
uncommon  development  and  type,  on  which  account  they  were 
taken  to  the  University  of  Michigan,  where  their  crystallo- 
graphic  properties  were  studied  by  the  senior  author. 

Oeolog^, 

The  twins  were  found  at  the  Begofia  Mine  in  the  Cerro  de 
San  Pedro  district.  Details  concerning  their  occurrence  were 
furnished  by  Sefior  Borrego,  as  well  as  by  Mr.  E.  B.  Cochran, 
Director  of  the  Cia.  Minera  El  Barreno  y  Anexas,  San  Luis 
Potosi.  The  San  Pedro  mining  district  is  situated  about  20 
kilometers  east  of  the  city  of  San  Luis  Potosi,  and  the  mines 
have  been  worked  more  or  less  since  1575.  It  has  been  stated 
that  413  million  dollars  were  taken  out  of  this  region  between 
1656  and  1778.  The  village  of  Cerro  de  San  Pedro  is  located 
at  the  foot  of  the  hills  at  an  altitude  of  2180  meters  above  sea 
level.  The  district  contains  but  little  water  and  timber,  and 
the  mines  are  situated  on  low  hills  which  are  from  200  to  400 
meters  from  base  to  summit.  The  mineralized  district  is 
practically  confined  to  an  area  which  extends  about  2000 
meters  in  a  north  and  south  direction,  and  800  meters  east  and 
west.  This  area  covers  parts  of  three  hills  known  as  San 
Pedro,  El  Populo  and  La  Raposa,  which  consist  of  limestone 
into  which  has  intruded  a  mass  of  andesite  locally  known  as 
"porfido."  The  strike  of  the  "upper  contact"  of  andesite  and 
limestone  is  usually  north  and  south,  with  a  dip  of  55°  to  the 
west,  while  the  "lower  contact"  strikes  in  the  same  direction 
but  dips  westward  about  70°  degrees.  There  is  but  one  mine, 
the  Cocinera,  on  the  lower  contact.  All  the  others,  of  which 
the  Begofia  is  one,  are  situated  on  the  upper  contact.  The 
main  ore  occurrences  are  between  the  limestone  and  andesite, 
although  many  large  and  rich  deposits  have  been  found  in  the 
limestone  hanging  wall  up  to  a  distance  of  300  meters  from 
the  contact.  The  plane  of  the  upper  contact  is  very  irregular, 
making  troughs  and  rolls  along  both  strike  and  dip.     In  these 
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troughs  or  offsets  the  ores  are  often  richer.  In  several 
instances,  the  mineralization  has  extended  in  narrow  seams 
completely  through  the  limestone  to  the  surface,  and  on  El 
Populo  hill,  the  ore  is  mined  on  these  seams  in  open  cuts. 
The  ores  at  present  worked  are  rather  low-grade  gold  and  sil- 
ver ones  with  some  lead.  They  are  mostly  oxidized,  although 
some  sulphides  are  found.  Gold  occurs  native,  as  also  does  sil- 
ver. Other  minerals  which  have  been  noticed  are  cerargyrite, 
argentite,  cerussite,  pyromorphite,  and  galena.  Some  zinc 
mmerals  are  said  to  occur  but  copper  compounds  are  very  rare. 
Pyromorphite  is  very  abundant,  and  sometimes  occurs  in  large 
botryoidal  clusters  over  6  inches  in  diameter.  The  cerussite 
twins  were  found  along  with  granular  cerussite,  gypsum,  and 
limonite  in  one  of  the  troughs  or  offsets  of  the  Begofia  Mine. 
They  were  taken  from  a  cavity  in  the  limestone  about  1  meter 
from  the  andesite  contact. 


Crystallography, 

The  twinning  plane  observed,  although  not  new,  is  the  rather 
uncommon  bracliy prism  r|130|.  The  crystallography  is  of 
interest  inasmuch  as  a  new  locality  for  this  type  of  twinning 
has  been  discovered,  and  also  as  the  crystals  examined  revealed 
several  forms,  either  not  recorded  on  twins  referred  to  this 
law  or  mentioned  only  as  of  doubtful  occurrence.  Cerussite 
twins  referred  to  this  law  have  been  described  by  Kokscharow,* 
by  Williams  from  the  Mountain  View  Mine,  near  Union 
Bridge,  Carroll  County,  Maryland,t  and  similar  twins,  some- 
times abnormally  developed  by  extension  of  the  prism  faces  r, 
were  recorded  by  Pirsson  from  the  Bed  Cloud  Mine,  Yuma 
County,  Arizona.:|:  The  contact  twins  from  the  Mexican  local- 
ity ranged  from  one  half  to  one  centimeter  in  length  and  rep- 
resented but  one  type  of  development,  namely  forms  resem- 
bling arrow-heads,  this  development  resulting  in  part  from  the 

*  Materialien  z.  Min.  Bnasl.,  vi,  185,  1870. 

+  Johns  Hopkins  Univ.  Cir.,  No.  87,  April,  1891. 

X  This  Journal,  xlii,  405, 1891. 
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UDUSual  growth  of  the  brachyprisms  r  on  either  side  of  the 
twinning  plane.  Ae  all  of  the  crystals  showed  the  same  gen- 
eral type  of  distortion  and  distribution  of  forms,  the  accom- 
panying drawing  represents  not  the  ideal  form  but  the  crystals 
as  they  actually  appeared  looking  into  the  re-entrant  angle. 
On  five  of  the  eight  crystals  the  pyramids  o  and  p  and  the 
prism  m  were  either  wanting  or  scarcely  perceptible,  while  the 
orachydome  zone  was  so  striated  and  rounded  that  differentia- 
tion of  those  forms  would  be  highly  speculative.  However, 
three  crystals  revealed  without  question  all  the  forms  repre- 
sented in  the  drawing,  as  verified  by  the  very  close  agreement 
of  the  observed  wiUi  the  calculated  angles  in  the  following 
table: 

Observed  Calculated 

m  :  m  =   (110)   :  (llo)   =  62°  44'  62°  45'  60" 

r  \    r    =  (130)    :  (130)   =  57  11  67  1ft 

r  :    6    =   (130)   :  (010)    =  28  38  30         28  39   30 

c  :  p   =   (001)    :  (111)    =  64  12  30         64  14 

c  :    o   =   (001)   :  (112)   =  34  47  34  46 

c  :   y   =   (001)   :  (102)   =  30  39  30  39 

c  :    oj   =   (001)   :  (012)   =  19  61  19  52  30 

c  :   A   =   (001)   :  (Oil)   =  36  63  35  62 

c  :    i   =   (001)   :  (021)   =  56  20  66  20 

c  :   V    =z   (001)   :  (031)   =65  16  65  15 

r  I    r   =   (130)   :  (130)   =  65  22  30          65  20 

In  the  above  computations  the  axial  ratio  as  determined  by 
Kokscharow*  was  taken  as  a  basis. 

In  this  brief  note  no  attempt  has  been  made  to  treat  the 
crystallography  of  cerussite  exhaustively.  References  to  some- 
what similar  and  even  more  complicated  twins  have  been 
brought  together  by  P.  F.  Hubrecht  in  his  paper  "  Tiber 
Cerussitvieriinge  von  Sardinien,"  Zeitschr.  f.  Kryst.,  1905, 
xl,  147-188. 

Ann  Arbor  and  Cleveland. 

*  Loc.  clt. — see  also  Dana,  System  of  Min.,  6th  edition,  p.  286. 
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Abt.  VII. — EgUstonite  from  San  Mateo  County  ^  California  ; 
by  Austin  F.  Rogebs. 

EoLESTONiTB  is  SD  isometric  inercurous  oxychloride  named 
by  Prof.  A.  J.  Moses*  in  honor  of  Thos.  Egleston,  founder  of 
the  School  of  Mines  of  Columbia  University.  It  has  hereto- 
fore been  found  only  at  the  original  locality,  Terlingua,  Texas, 
where  it  occurs  with  kleinite,  terlinguaite,  montroydite,  and 
mosesite,  all  recently  described  mercury  minerals. 

The  writer  wishes  to  put  on  record  and  describe  this  inter- 
esting mineral  from  a  California  locality.  Some  specimens 
from  a  quicksilver  prospect  in  San  Mateo  County,  about  five 
miles  west  of  Palo  Alto,  brought  to  my  attention  by  Mr.  W. 

Fig.  1.  Fig.  2.  Fig.  3.  Fig.  4. 

d 

o 


R.  Nobs,  a  mining  student  at  Stanford  University,  contained 
cinnabar,  mercury,  calomel,  and  an  unknown  yellow  mineral, 
which  was  soon  identified  as  one  of  the  Terlingua  oxychlorides 
of  mercury.  Careful  examination  proved  the  mineral  to  be 
eglestonite.  No  other '  mercury  minerals  except  those  men- 
tioned were  found. 

Occurrence, — The  eglestonite  occurs  in  a  pale-brown  silic- 
eous material  in  serpentine.  The  serpentine  is  an  irregular 
intrusive  mass  about  four  miles  long  and  about  three-fourths 
of  a  mile  wide  in  Franciscan  sandstone.  This  siliceous  mate- 
rial is  common  in  all  the  quicksilver  mines  and  prospects 
of  the  Coast  Ranges  and  was  formed,  no  doubt,  during  the 
serpentinization  of  the  original  peridotite.  Minerals  collected 
around  this  prospect  include  dolomite,  magnesite,  opal,  and 
quartz,  in  addition  to  the  mercury  minerals.  The  eglestonite 
occurs  in  minute  crystals  and  crusts  in  seams  and  cavities 
directly  associated  with  metallic  mercury  and  calomel. 

Crystal  form, — The  crystals  of  eglestonite  are  very  small, 
the  largest  being  only  about  i""  in  diameter.     Measurements 

•  This  Journal,  vol.  xvi,  pp.  258-263,  1903. 
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prove  them  to  be  isometric,  with  the  following  forms  :  a{100| , 
rfjllO},  o{101|,  and  n\%ll\.  These  include  four  out  of  the 
seven  common  forms  for  eglestonite  given  by  Schaller.*  Four 
distinct  habits  were  recognized,  as  represented,  in  figures  1  to  4. 
The  most  common  type  of  crystals  is  that  with  dominant 
cube,  modified  by  the  dodecahedron  and  very  small  faces  of  the 
trapezohedron  5211^  (fig.  1).  Fig.  2  represents  another  type, 
dominant  octahedron  with  prominent  cube  faces  and  nar- 
row dodecahedron.  Dodecahedral  habit  with  narrow  trapezo- 
hedral  j211}  faces  is  represented  by  fig.  3.  Acicular  crystals 
proved  to  be  distorted  dodecahedrons  with  striations  parallel 
to  the  intersection  edges  are  represented  by  fig.  4.  Acicular 
crystals  of  this  type  were  described  by  Schaller,  but  the  cubic 
and  cubo-octahedral  habits  are  not  known  for  the  Terlingua 
eglestonite.  The  identification  of  the  forms  is  based  upon  the 
following  average  measurements  of  four  crystals : 


Meas. 


Calc. 


110/slOl  (1)  69°  50'  60°  0' 

211ysll0  (7)  30   1  30  0 

112yvl01  (2)  30  12  30  0 

lOO/vOlO  (1)  90   6  90  0 


Calc. 

001 /s  211  (1)  65°  82'  65°  54' 
211/S211  (1)  48  11  48  n\ 
100/^110    (5)    45     13     45       0 


The  images  were  all  sharp  though  often  faint.  Angles  of  30° 
for  two  different  zones,  as  given  above,  is  proof  of  the  isomet- 
ric system. 

Physical  properties. — The  luster  is  adamantine,  the  crystals 
though  minute  being  very  brilliant.  The  color  varies  from 
yellow  or  orange-yellow  to  brownish-yellow,  being  lighter  than 
the  Terlingua  specimens.  It  becomes  dark  on  exposure  to  light. 
Some  crystals  m  a  tube  lying  on  a  table  for  several  weeks 
became  black  but  retained  their  adamantine  luster.  The  streak 
is  yellow,  with  a  greenish  tinge.  The  mineral  has  no  cleavage 
and  is  very  brittle.  Fragments  examined  under  the  micro- 
scope are  irregular,  perfectly  isotropic,  and  have  a  high  index 
of  refraction  (greater  than  sulphur  in  methylene  iodide,  1*795, 
as  tried  by  the  Becke  test). 

Pyrognostic  tests. — In  the  closed  tube  with  soda  or  lime 
it  gives  a  mercury  sublimate ;  in  the  closed  tube  alone  turns 
orange-colored,  then  black,  and  finally  dark  red  (HgO),  giving 
a  white  sublimate  with  mercury  beyond.  It  volatilizes  com- 
pletely and  gives  no  water  in  the  closed  tube. 

Wet  tests. — The  eglestonite  is  decomposed  by  hot  hydro- 
chloric acid,  becoming  gray  superficially.  It  is  also  decomposed 
by  cold  nitric  acid,  turning  white.  Hydrochloric  acid  added 
to  the  nitric   acid  solution  gives  a  white  precipitate,  which 

•  BnU.  405  U.  S.  G.  S.,  p.  148,  1909. 

Am.  Joub.  Sci.— Fourth  Sbribs,  Vol.  XXXII,  No.  187.— July,  1911. 
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is  soluble  on  heating.  The  mineral  is  blackened  by  ammonia, 
and  slightly  darkened  by  hydrogen  sulphide  solution.  Qualita- 
tive tests  show  the  presence  of  mercury  and  chlorine  and  the 
absence  of  the  sulphate  radical. 

Quantitative  analysis. — In  order  to  make  the  identification 
of  the  mineral  eglestonite  more  certain,  a  quantitative  analysis 
was  made  by  the  writer.  The  powdered  mineral  mixed  with 
ignited  lime  free  from  water  and  chlorine  was  heated  in  a  hard 
glass  tube.  The  tube  with  the  mercury  sublimate  was  weighed, 
and  then  weighed  again  after  driving  oS  the  mercury.  The 
loss  is  mercury.  The  residue  was  dissolved  in  nitric  acid  and 
the  chlorine  determined  by  precipitating  AgOl.  The  results 
obtained  with  25  mg.  of  carefully  picked,  almost  pure,  mineral 
are  as  follows : 

'  Atomic  Calculated  for 

Analysis  ratio  Hg4Cl30 

Hg 88-00 2-10 90-21 

CI 7-43 :    1-00 7-99 

The  theoretical  percentages  for  Hg^CljO,  the  formula  estab- 
lished by  Ilillebrand,*  are  given  in  the  last  column.  These 
quantitative  results  also  agree  with  the  calculated  percentages 
for  kleinite  and  terlinguaite,  but  considering  the  small  amount 
of  material  and  the  slight  impurities  the  agreement  with  egles- 
tonite is  as  good  as  can  be  expected. 

Identity  loith  eglestonite, — The  qualitative  and  quantitative 
tests  prove  that  the  mineral  is  an  oxychloride  of  mercury,  with 
a  formula  at  least  near  that  of  eglestonite.  The  isometric  char- 
acter of  the  crystals  limits  the  mineral  to  eglestonite  or  moses- 
ite.f  The  habit  of  the  crystals,  the  absence  of  twinning,  the 
normal  isotropic  character,  the  darkening  on  exposure  to  light, 
and  the  absence  of  the  sulphate  radical,  all  taken  togetner 
make  it  certain  that  the  mineral  is  eglestonite. 

Stanford  University,  Cal., 
April,  1911. 

♦Journal  of  the  Am.  Chem.  Soc.,  vol.  xxix,  p.  1193,  1907. 

f  Canfield,  Hillebrand.  and  Schiller,  this  Journal,  vol.  xxx,  pp.  202-8, 1910. 
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Art.  VIII. — On  the  Hydrolysia  of  MetaUic  Alkyl  Stdphates  ; 
by  W.  A.  Dbushbl  and  G.  A.  Linhart. 

[Contributions  from  Kent  Chemical  Laboratory  of  Yale  Univeraity. — cczxi.] 

I.     Mhyl  Barium  Sulphate* 

In  a  recent  article  in  Monatshefte  f iir  Chemief  results  were 
published  which  lead  to  the  unexpected  conclusion  that  the 
velocity  of  the  decomposition  of  ethyl  barium  sulphate  in  water 
solution  is  retarded  by  the  presence  of  dilute  hydrochloric  acid. 
In  preliminary  experiments  we  were  unable  to  obtain  results  in 
accord  with  this  conclusion,  but,  on  the  contrary,  fonnd  that 
ethyl  barium  sulphate  is  converted  into  barium  sulphate  more 
rapidly  in  any  concentration  of  hydrochloric  acid  than  in  water 
alone,  the  velocity  corresponding  approximately  to  the  concen- 
tration of  acid  used.  These  preliminary  results  suggested  the 
desirability  of  making  a  further  study  of  the  velocity  of  the 
reaction  in  water  alone  and  in  varying  concentrations  of  hydro- 
chloric acid. 

From  onr  hydrolysis  experiments  with  water  in  the  absence 
of  hydrochloric  acid  it  was  found  that  the  rate  of  precipitation 
of  barium  sulphate,  under  conditions  similar  to  those  mentioned 
in  the  article  cited,  is  only  a  little  more  than  one  milligram  per 
24  hours  during  a  period  of  more  than  30  davs,:f  so  that,  at  this 
rate,  it  would  require  about  650  days  for  the  precipitation  of 
721  mgrm.,  instead  of  4,300  minutes  (about  3  da^s)as  found  by 
Kremann.  On  the  assumption  that  ethyl  barmm  sulphate  is 
decomposed  more  rapidly  in  water  alone  than  in  half  normal 
hydrochloric  acid  but  less  rapidly  than  in  normal  acid,  Kre- 
mann§  obtained  for  the  velocity  of  the  reaction  an  expression 
too  complex  to  solve  for  the  velocity  constant.  It  is  the  pur- 
pose of  this  paper  to  show  that  the  reaction  does  not  yield 
unexpected  results,  and  that  it  may  be  expressed  in  a  velocity 
equation  from  which  satisfactory  constants  may  be  calculated. 

Preparation  and  analysis  of  the  salt. — Fuminff  sulphuric 
acid  was  introduced  drop  by  drop  into  absolute  ethyl  alcohol 
cooled  in  an  ice  bath.  . W  hen  the  requisite  amount  of  sulphuric 
acid  had  been  added  the  ice  bath  was  replaced  by  a  water  bath 
which  was  kept  at  the  boiling  temperature  for  two  hours.  The 
acid  mixture  was  now  diluted  with  water  to  about  five  times 
its  volume,  neutralized  with  pure  barium  carbonate,  transferred 
to  a  tall  cylinder,  and  allowed  to  stand  until  the  barium  sul- 

*  Work  has  been  begun  on  the  methyl  and  propyl  barium  solphateB. 
\  R.  Kremann,  Monatsh.  fur  Chem.  (Ill),  zxxi,  165. 
i  See  Table  I,  p.  57. 
g  Kremann,  loc.  cit. 
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phate  had  settled.  The  clear  liquid  was  decanted  and  concen- 
trated on  the  steam  bath  in  a  large  crystallizing  dish  to  incip- 
ient crystallization.*  The  solution  was  then  rapidly  filtered, 
by  means  of  suction,  through  a  hot  water  funnel  to  prevent 
crystallization  on  the  filter.  The  clear  filtrate  was  quickly 
transferred  to  a  cn'stalHzing  dish,  which  was  placed  upon  snow 
or  shaved  ice.  During  the  process  of  cooling  the  liquid  was 
kept  agitated  by  rapid  stirring,  and  when  well  cooled  the  finely 
crystalline  mass  :was  transferred  to  a  Biichner  funnel  and  freed 
from  mother  liquor  by  suction.  Finally  the  salt  was  well  dried 
on  a  porous  plate  and  between  filter  papers  and  put  into  glass 
stoppered  bottles. 

Tne    salt     thus    prepared    corresponds    to    the    formula: 
Ba(C.H,S0,),.2H,0. 

BaSOi  calculated 
Salt  analyzed  BaS04  found  from  'formula 

0*90808""  0-4998«^'"  0*5004 «"" 


56-06^  65-11^ 

Method  of  hydrolysis. — In  order  to  duplicate,  if  possible, 
the  results  of  Kremann  we  worked  under  conditions  described 
by  him,  using,  however,  a  temperature  of  60°  instead  of  55°  or 
^^"^  C.  The  nydrolyses  were  made  in  sealed  test  tubes  of  about 
3Qcm«  capacity.  Twenty  cubic  centimeters  of  water,  or  aqueous 
hydrochloric  acid,  and  l-351<f™  of  Ba{C,H,SO,),.2H.O  ^corre- 
sponding  to  1-2365'™  of  Ba(C,H,SOj„  the  amount  used  by 
Kremann)  were  introduced  into  each  tube.  As  soon  as  ten 
tubes  were  thus  charged  with  the  salt  and  water,  or  acid  of  a 
given  concentration,  they  were  sealed,  cooled,  and  shaken  until 
the  salt  was  entirely  dissolved.  They  were  then  submerged  in 
the  thermostat  and  held  in  position  by  coil  springs.  At  certain 
intervals  a  tube  was  withdrawn  and  the  hydrolysis  checked  by 
cooling  in  ice-water.  The  contents  of  the  tube  were  filtered 
through  an  ignited  and  weighed  perforated  platinum  crucible 
fitted  with  an  asbestos  mat.  After  thoroughly  washing  the 
precipitate  with  hot  distilled  water,  the  crucible  was  ignited, 
cooled  in  a  desiccator  and  weighed. 

The  precipitate  obtained  as  previously  described  was  not 
quite  pure  barium  sulphate,  for  on  heating  the  crucible  to  incip- 
ient redness  the  material  began  to  char,  first  around  the  edges, 
then  gradually  toward  the  center  until  the  whole  mass  assumed 
a  grayish  appearance.  This  was  not  due  to  insufficient  washing 
of  the  precipitate,  for  the  final  wash  water  gave  no  indication 

•  Contrary  to  Kremann'e  results,  we  found  that  this  method  of  prepara- 
tion is  very  satisfactory,  and  that  the  loss  of  salt  due  to  hydrolysis  during 
evaporation  is  very  small. 
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of  ethyl  barium  sulphate,  ethyl  sulphuric  acid,  or  hydrochloric 
acid.  A  combustion  of  the  dried  material  showed  about  0*17 
per  cent  of  carbon  to  be  present.  When  the  ignited  precipitate 
was  boiled  with  water  for  some  time  the  filtrate  showed  traces 
of  barium  and  chlorine  in  soluble  form,  possibly  as  barium 
chloride.  Frequently  some  of  the  precipitated  barium  sulphate 
in  the  hydrolysis  tubes  was  observed  to  be  slightly  crystalline,  a 
form  favorable  under  the  conditions  of  hydrolysis  for  the 
inclusion  of  small  amounts  of  impurities.  However,  the 
amounts  of  impurities  found  in  the  precipitate  after  ignition 
were  not  deemed  suificient  to  make  it  necessary  to  apply  a  cor- 
rection to  the  weiehts  of  the  ignited  barium  sulphate,  and  these 
uncorrected  weights  were  accordingly  used  in  the  calculation 
of  the  velocity  constants. 

Theory, — We  have  found  experimentally  that  both  ethyl 
barium  sulphate  and  ethyl  sulphuric  acid  are  fairly  stable  sub- 
stances in  water  solution  at  room  temperature;  even  at  60°  C. 
the  rate  of  hydrolysis  is  very  slow.  Both  the  salt  and  the  acid 
were  kept  in  water  solution  at  room  temperature  for  weeks 
with  scarcely  any  hydrolysis.  The  hydrolysis  of  these  esters 
in  water  may  be  expressed  by  the  following  reactions  :  From 
the  action  of  water  alone  upon  the  ethyl  barium  sulphate  and 
ethyl  sulphuric  acid, 

Ba(C.H,SOJ,  +  2H.0  ^z±  Ba(OH).  +  2HC,H,S0„       (1) 

where  the  amounts  of  Ba(OH),  and  IlCjHjSO^  are  very  small, 

and  HC,H,SO,  +  H,0  ^z±  H,SO,  +  C.H.OH,  (2) 

where  the  equilibrium  is  approached  extremely  slowly.*  When 
the  two  reactions  proceed  simultaneously  barium  sulphate  is 
instantly  formed, 

Ba(OIl),  +  H.SO, >  BaSO,  +  2H,0.  (3) 

If  the  second  reaction  proceeds  more  rapidly  than  the  first,  then 
a  fourth  reaction  occurs,  and  we  found  experimentally  that 
this  also  is  instantaneous. 

Ba(C,H,SOJ,  4-  H,SO, >  BaSO,  +  2HC.H,S0,.        (4) 

The  concentration  of  sulphuric  acid  in  the  reaction  mixture 
at  any  moment  must  therefore  be  extremely  small,  and  the 
increase  in  the  acidity  of  the  mixture  must  be  wholly  due  to 
the  accumulation  of  ethyl  sulphuric  acid.  The  whole  process 
of  converting  ethyl  barium  sulphate  into  barium  sulphate,  ethyl 
sulphuric  acid  and  ethyl  alcohol  in  water  solution  may  be  ex- 
pressed by  the  simple  reaction  : 

*  Ab  shown  in  Table  I,  series  8. 
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Ba(C,H,SOJ.  +  H,0 >  BaSO,  +  HC.H.S0,4-  C.H.OH.  (6) 

If  the  hydrolysis  is  made  in  the  presence  of  hydrochloric 
acid  there  is  present  from  the  beginning  an  equilibrium  mix- 
ture in  which  both  ethyl  barium  sulphate  and  ethyl  sulphuric 
acid  undergo  hydrolysis,  or  possibly  chiefly  ethyl  sulphuric 
acid  in  the  presence  of  high  concentrations  of  hydrochloric 
acid.  As  we  expected,  we  found  experimentally  that  when 
strong  hydrochloric  acid  is  poured  into  a  solution  of  ethyl 
barium  sulphate  at  room  temperature  a  precipitate  immediately 
forms  which  is  chiefly  barium  chloride.  We  may  express  the 
decomposition  of  ethyl  barium  sulphate  in  aqueous  hydrochloric 
acid  solution  by  the  following  equations : 

Ba(C,H,SOJ,  +  2HC1  tn^  BaCI,  +  2HC,H.S0,,  (6) 

and    2HC.H,S0,  +  2H,0  ^=±  2H,SO,  +  2C.H,OH  ;  (7) 

also        BaCl,  +  H.SO, >  BaSO,  +  2HC1,  ^  (8) 

and         Ba(C,H.SOJ,+H,SO, >  BaSO,  +  2HC.H,S0,.  (9) 

Summing  up  and  removing  common  terms  from  both  members 
of  the  resulting  equation,  we  have,  as  before,  the  simple 
expression : 

2Ba(C,H,S0J,  +  2H,0 >  2BaS0,+ 

2HC,H.S0,  +  2C,H,OH,*         (10) 

or        Ba(C,H.SOJ,  +  H,0 >  BaSO,+ 

HC.H^SO,  +  C.H.OH. 

In  either  case  (in  the  presence  or  absence  of  hydrochloric  acid) 
there  is  an  increase  in  the  acidity  of  the  reaction  mixture  over 
its  initial  acidity  of  ^a?  gram  equivalents  of  acid  for  x  gram 
equivalents  of  barium  sulphate  formed  in  any  time  t.  By 
titrating  the  acid  solution  filtered  oS.  from  the  precipitated 
barium  sulphate  in  a  number  of  instances,  it  was  found  that 
this  relation  invariably  exists.  Consequently  in  the  velocity 
equation  the  concentration  of  ester  (i.  e.,  Ba(C,HjSOJ,  and 
HCjHjSOJ  undergoing  hydrolysis  is  decreased  in  time  ^  by  a? 
and  increased  by  -J a?,  hence  its  concentration  may  be  written 
A— a?+ia?,  where  A  is  the  initial  concentration  of  ester  in 
gram  equivalents  per  liter.  The  formation  of  ethyl  sulphuric 
acid  accelerates  the  reaction  also  by  increasing  the  acidity  of 
the  mixture,  hence  for  any  time  t  the  acid  concentration  may 
be  written  B+ Ja?,  where  B  is  the  concentration  of  hydrochloric 
acid  used,  in  gram  equivalents  per  liter. 

If  the  velocity  of  the  reaction  is  proportional  to  the  total 
concentration  of  ester  undergoing  hj^arolysis  and  the  total  con- 

*  This  equation  was  also  derived  by  Kremann,  loc.  cit. 
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centration  of  acid  accelerating  the  reaction,  we  have  for  the 
Telocity  equation  : 

^  =  K(A-a;+iaj)(B4-ia:),  (11) 

provided  that  ethyl  barium  sulphate  and  ethyl  sulphuric  acid  are 
esters  of  similar  stability,  and  that  hydrochloric  acid  and  ethyl 
sulphuric  acid  have  about  the  same  catalytic  effect.  Both  of 
these  conditions  were  satisfied  experimentally,  by  the  slow  and 
similar  rates  of  hydrolysis  of  ethyl  barium  sulphate  and  ethyl 
sulphuric  acid  observed  in  dilute  hydrochloric  acid,  and  by  the 
very  similar  catalytic  action  of  hydrochloric  acid  and  ethyl  sul- 
phuric acid  in  the  hydrolysis  of  ethyl  acetate.*  This  equation 
may  also  be  derived  from  the  principle  of  ''the  coexistence  of 
reactions,"  as.  follows: 

<feycf^=K,(A-a;)B,forthe  catalysis  of  Ba(C.H.SO J,  by  HCl,  (12) 
dxJdt=K^(ix)B,  «  «  "  «  HC,H.SO>y  HCl,  (13) 
dxJdl=.KJ,K^x)^x,  "  «  Ba(C,H.SOJ,byHC,H.SO,,  (14) 
dxJdt:=zK^{ix)^x,  .        "        "         "  HC.H.SO,  by  itself,      (16) 

d.t       dx.-hdx^-^-dx^  +  dx^, 

then     -J-  =  —^ ^-^- — *- *~ 

dt  dt 

and      ^  =  K.[(A-x)B  +  (4x)B]+K.[(A-a;)|«+(ia;)iar].     (17) 

Since  etliyl  barium  sulphate  and  ethyl  sulphuric  acid  are 
esters  of  nearly  like  stability,  and  hydrochloric  acid  and  ethyl 
sulphuric  acid  are  of  about  the  same  strength,  we  may  set 
K,=K,=  K,  then  equation  17  becomes 

^=K(A-a;+ia;)(B+ia;),  (18) 

whidi,  on  integration,  gives  the  simple  expression, 

^  2X2-3   ,       A(B+ia;) 

^  =  .-(ATB)'°SB(A-i^)-  <^^) 

It  is  interesting  to  consider  the  reaction,  on  the  theory  that 
the  velocity  is  proportional  to  the  total  concentration  of  ester 
ions  and  of  hydrogen  ions.  If  d^  is  the  degree  of  dissociation 
of  the  ethyl  barium  sulphate  in  the  presence  of  the  ethyl  sul- 
phuric acid  and  the  hydrochloric  acid  in  the  reaction  mixture,  rf, 
the  dissociation  of  the  hydrochloric  acid  in  the  presence  of  the 
ethyl  barium  sulphate  and  the  ethyl  sulphuric  acid,  and  rf,  the 
degree  of  dissociation  of  the  ethyl  sulphuric  acid  in  the  presence 

*  Thifl  ester  was  hydrolyzed  at  60°  C.  by  N/10  HCl  and  by  N/10  HC.HSO*, 
obtaining  the  velocity  constants  0*00946  and  0*00955  respectively. 
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of  the  other  two  constituents  of  the  reaction  mixture,  we  have 
from  equation  18, 

/fa* 

^£  =  K[d,{A^x)  +  d,ix]  [d^B-i^d.ixl  (20) 

Considering  d^,  ejf,,  and  d^  constant  for  short  time  intervals, 
equation  20,  on  integration,  becomes 

T^_ 2x^-3    _ 

(d^d,\  +  2d^d,li-d,d,B)t 

Obviously  the  accurate  determination  of  the  values  of  rf,,  rf, 
and  rf,  under  the  necessary  conditions  is  a  matter  of  consider- 
able difficulty,  but,  since  ethyl  sulphuric  acid  and  hydrochloric 
acid  differ  very  little  in  their  degrees  of  dissociation,  and  since 
the  ionization  of  strong  acids  is  affected  but  little  by  the  pres- 
ence of  salts  of  strong  acids,  (B-hia?)<?,  may  be  taken  as  the 
approximate  concentration  of  hydrogen  ions,  where  d,  is  the 
degree  of  dissociation  of  hydrochloric  acid.  For  the  approx- 
imate concentration  of  ester  ions  in  dilute  aqueous  hydrochlo- 
ric acid  (A— aj-hiaj)rf,  may  be  used,  where  a,  is  the  degree  of 
dissociation  of  ethyl  barium  sulphate  in  total  ester  concentra- 
tion, (A— £c+iic),  since  the  decrease  in  concentration  of  ester 
ions  due  to  tlie  formation  of  barium  sulphate  and  to  the  depres- 
sion of  ionization  resulting  from  the  increasing  concentration 
of  ethyl  sulphuric  acid  is  in  a  large  measure  offset  by  the 
increase  in  ester  ions  resulting  from  the  continually  increasing 
concentration  of  the  more  highly  dissociated  ethyl  sulphuric 
acid.  We  may  therefore  write  as  an  approximately  correct 
expression  for  the  velocity  of  the  reaction  on  the  ionic  theory 
the  simpler  equation, 

J*  =  K[(A-x+ix)d,]  [(B+ix)d,]  (22) 

which  on  integration  gives 

_2X2;3    ,       A(B+4^)  ,23^ 

^  -  dM^  +  B)   ^^^  B( A-  ix)'  ^^^^ 

When  the  hydrolysis  occurs  in  a  strong  hydrochloric  acid 
solution,  as  1'8N  and  4N,  the  reaction  probably  consists  chieflv 
of  the  hydrolysis  of  ethyl  sulphuric  acid  to  sulphuric  acid,  which 
at  once  combines  with  the  barium  chloride  formed  by  the 
action  of  hydrochloric  acid  upon  the  ethyl  barium  sulphate, 
80  that  in  this  case  no  great  error  is  made  by  setting  the  degree 
of  dissociation  of  the  ester  equal  to  that  of  the  hydrochloric 
acid,  i.e.,  rf,=rf,.     Then  equation  22  becomes 
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dx 
dt 


=  K{A-ix)(B  +  ix)id,y, 


and  this  on  integration  gives 
2  X  2-3 


K  = 


Kr«(A+B) 


(24) 


(25) 


Es^erimental  results. — The  catalytic  effect  of  hydrochloric 
acid  on  the  decomposition  of  ethyl  barium  sulphate  is  shown 
in  the  following  graph.  The  weights  of  barium  sulphate 
calculated  to  gram  equivalents  per  liter  are  expressed  as  ordi- 
nates,  and  the  time  in  hours  as  abscissas. 


Fig.  1. 


Table  I. 
In  hours      In  grams    Ingrm.  equiv.  Ki* 


BaS04 


K.t 


K4 


1 

0-1  N  HC] 

l  =  B 

480 

00287 

00127 

000806 

0-0164 

000941 

950 

00600 

0-0257 

0-00817 

0-0166 

0-00966 

1710 

01042 

00446 

0-00765 

00156 

000898 

2180 

01860 

0-0583 

000788 

0-0160 

0-00927 

4500 

0-2910 

01247 

0-00787 

00149 

0-00874 

00 

0-7440 

0-8188= 

-A 

2 

0-8  N  HCl 

l  =  B 

240 

00870 

00159 

0-00687 

0-0146 

0-00875 

690 

01080 

0-0441 

0-00669 

0-0142 

000854 

1410 

0-2120 

00908 

0-00674 

00142 

000868 

2180 

0-8236 

0-1388 

0-00672 

00141 

000864 

8180 

0-4690 

0-2010 

0-00688 

0-0142 

000888 

884  0 

0-5846 

0-2502 

0-00712 

0-0146 

0-00922 

4810 

0-7178 

0-2977 

0-00692 

0-0141 

0-00898 

00 

0-7440 

0-8188= 

=A 

•  Calculated  from  equation  19.  f  Calculated  from  equation  23. 

X  Calculated  from  equation  25. 
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Table  I  (continued). 

8 

0-5  N  HCl  =  B 

140 

00340 

0-0146 

0-00656 

00143 

000883 

400 

00967 

00410 

0-00652 

0-0142 

0-00879 

85-5 

0-2054 

00880 

000668 

00144 

000898 

1350 

0-3230 

01384 

0-00677 

0-0146 

000921 

1890 

0-4422 

0-1895 

0-00679 

0-0145 

000928 

240-5 

0-5510 

0-2361 

000684 

0-0145 

0-00988 

2880 

0-6444 

0-2761 

000687 

0-0145 

0-00946 

00 

0-7440 

0-3188= 

:A 

4 

0-7  N  HCl  =  B 

170 

0-0606 

00260 

0-00681 

00154 

0-00983 

400 

01392 

0-0600 

000688 

0-0154 

000996 

640 

0-2250 

00964 

0-00703 

00158 

00102 

980 

0-3224 

01382 

000712 

0-0158 

00104 

120-0 

0-4038 

01730 

0-00707 

00156 

0-0103 

168-5 

0-5478 

0-2347 

000712 

00156 

00104 

2190 

0-6820 

0-2922 

0-00717 

00155 

0-0105 

00 

0-7440 

0-3188= 

:A 

5 

0-9  N  HC] 

l  =  B 

140 

0-0635 

0-0272 

000686 

00160 

00105 

260 

01178 

0-0505 

000693 

00161 

0-0106 

380 

0-1730 

00730 

0-00696 

0-0161 

00107 

600 

0-2638 

0-1130 

0-00699 

00161 

00108 

890 

0-3802 

01629 

0-00704 

00161 

00109 

118-0 

0-4892 

0-2096 

0-00707 

00160 

0-0110 

1440 

0-5776 

0-2475 

000708 

00159 

00110 

183  0 

0-7019 

0-3008 

000710 

0-0158 

0-0111 

00 

0-7440 

0-3188= 

:A 

6 

1-8NHC1  =  B 

160 

0-1934 

0-0829 

000956 

00258 

00200 

28-0 

0-3278 

01405 

0-00967 

00259 

00204 

400 

0-4422 

0-1895 

000953 

0-0251 

00201 

520 

0-5508 

0-2360 

000953 

0-0251 

00202 

650 

0-6510 

0-2790 

000942 

0-0247 

00200 

720 

0-6954 

0-2980 

000929 

00242 

00197 

77  0 

0-7320 

0-3137 

000931 

00242 

00198 

00 

0-7440 

0-3188= 

:A 

7 

409  N  HCl  =  B 

20 

01378 

0-0590 

00236 

00918 

01022 

5-0 

0-3360 

01440 

0-0247 

0-0945 

0-1071 

10-5 

0-6318 

0-2707 

0-0253 

0-0951 

01097 

12-5 

0-6950 

0-2978 

00240 

00892 

01042 

00 

0-7440 

0-3188= 

:A 

2x2-3, 

A 

8 

Distilled  water     ^  = 

___log- 

—  V 

141-5 

0-0057 

00024 

00000532 

• 

313-0 

00126 

00054 

0-0000544 

498-5 

0-0230 

0-0108 

0-0000595 

862-5 

0-0404 

00173 

0-0000634 

00 

0-7440 

0-3188= 

=  A 

*  Calcnlated  ae  a  monomolecnlar  reaction.  The  gradual  increase  in  the 
constant  is  due  to  the  catalytic  eflfect  of  the  HO-jHsSO^  formed  in  the 
reaction. 
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Table  II. 


A- 


0-8188 
0-S125 
0'80(S9 
02966 
02897 
0*2564 


08188 
0-8109 
0-2967 
0-2784 
0-2494 
0-2188 
0-1987 
01700 


0-8188 
0-8115 
0-2983 
0-2748 
0-2496 
0-2240 
0-2008 
01808 


0-8188 
0-3060 
0-2890 
0-2710 


1 
0-5299 
0-5318 
0-5842 
0-5875 
0-5899 
0-5528 

2 
0-5299 
0*5823 
0-5875 
0-5461 
0-5547 
0-5681 
0-5791 
0-5910 

3 
0-5299 
0-5323 
0-5370 
0-5452 
0-5547 
0-5657 
0-5757 
0-5858 

4 
0-5299 
0-5342 
0-5404 
0-5466 


B-^- 

d. 

^-f 

dx 

0-2500 

0-5547 

0-1000 

0-9262 

0-2330 

0-5619 

0-1063 

0-9248 

0-2020 

0-5758 

0-1129 

0-9225 

0-1730 

0-5901 

0-1223 

0-9199 

5 

0-1291 
0-1624 

0-9182 
0-9108 

0-3188 
0-8052 

0-5299 
0-5346 

0-2936 

0-5380 

0-3000 

0-8866 

0-2828 

0-5428 

0-8079 

0-8855 

0-2628 

0-5499 

0-3221 

0-8837 

0-2373 

0-5600 

0-3454 

0-8806 

0-2140 

0-5700 

0-3694 

0-8778 

01950 

0-5786 

0-4005 

0-8740 

0-1684 

0-5924 

0-4251 

0-8712 

6 

0-4488 

0-8688 

0-8188 

0-5299 

0-2778 

0-5442 

0-5000 

0-8629 

0-2485 

0-5552 

0-5073 

0-8617 

0-2240 

0-5657 

0-5205 

0-8595 

0-2008 

0-5757 

0-5440 

0-8558 

0-1793 

0-5815 

0-5692 

0-8519 

01698 

0-5910 

0-5948 

0-8481 

0-1619 

0-5934 

0-6180 

0-8448 

7 

0-6380 

0-8419 

0-3188 

0-5299 

0-2898 

0-5404 

0-7000 

0-8331 

0-2468 

0-5585 

0-7128 

0-8317 

0-1829 

0-5748 

0-7298 

0-8295 

01699 

0-5910 

0-7482 

0-8271 

0-7691 
0-7865 
0-8173 
0-8461 


0-9000 
0-9136 
0-9252 
0-9365 
0-9565 
0-9815 
1-0050 
1-0240 
10500 


1-8000 
1-8415 
1-8703 
1-8948 
1-9180 
1-9395 
1-9490 
1-9569 


4-0900 
4-1195 
4-1620 
4-2259 
4-J 


d> 

0-8246 
0-8224 
0-8187 
0-8155 


0-8092 
0-8077 
0-8065 
0-8053 
0-8081 
0-8004 
0-7979 
0-7960 
0-7935 


0-6929 
0-6885 
0-6856 
0-6827 
0-6821 
0-6802 
0-6792 
0-6782 


0-4806 
0-4804 
0-4801 
0-4796 
0-4794 


The  equivalent  conductivities  of  N/2  and  N/16  aqueous 
solutions  of  ethyl  barium  sulphate  were  measured  at  60°  C, 
and  the  conductivities  of  intermediate  concentrations  were 
determined  by  Kolilrausch's  method  of  graphic  extrapolation. 
.  The  equivalent  conductivity  of  the  salt  at  extreme  dilution  was 
found  from  the  velocities  of  its  ions  at  25°  C*  and  the  tem- 
perature coefficient  calculated  from  conductivity  measurements 
made  at  25°  C.  and  60°  C.  The  conductivities  of  different 
concentrations  of  hydrochloric  acid  at  60°  C.  were  calculated 
from  the  values  of  Kolhrauschf  at  18°  C.  and  the  temperature 
coefficients  of  Holbom.:|:  From  these  conductivity  values  the 
values  of  rf,  and  rf,  in  Table  II  were  found.  For  calculating  the 
constants  K,  and  K,  the  mean  values  rf,  and  rf,  given  in  the 
corresponding  series  of  Table  II  for  the  time  intervals  to  to  ^n 
were  used,  since  the  total  changes  in  d^  and  d^  during  the 
course  of  the  reaction  are  small. 

*Brodig,  Zeitschr.  phys.  Chem.,  ziii,  38o. 
tLandolt-BiJrnatein,  Phys.-Chem.  Tab.,  746. 
i Landolt-Bornstein,  Phys.-Chem.  Tab.,  754. 
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Summary, — The  experimental  results  lead  to  the  following 
conclusions : 

1.  Ethyl  barium  sulphate  and  ethyl  sulphuric  acid  decom- 
pose extremely  slowly  in  water  solution  even  at  moderately 
high  temperatures. 

2.  Fair  velocity  constants  are  obtained  on  the  hypothesis 
tliat  ethyl  barium  sulphate  and  ethyl  sulphuric  acid  are  esters 
of  similar  stability  in  the  presence  of  aqueous  hydrochloric 
acid«  and  that  the  reaction  for  their  simultaneous  decomposition 
is  molecular. 

3.  The  velocity  constants-  are  improved  when  dissociation 
factors  for  the  ester  undergoing  decomposition  and  the  cata- 
lyzing acid  are  introduced. 

4.  In  dilute  aqueous  hj'drochloric  acid  the  total  concentration 
of  ethyl  sulphate  ions  is  apparently  approximately  equal  to  the 
product  of  the  total  ester  concentration  (A— aj+i»)  and  (<5?,), 
the  degree  of  dissociation  of  ethyl  barium  sulphate  of  like 
concentration  in  water  solution. 

5.  In  strong  acjueous  hvdrochloric  acid  (1*8N  and  4N)  the 
formation  of  barium  sulphate  is  probably  chiefly  due  to  the 
hydrolysis  of  the  ethyl  sulphuric  acid,  liberated  from  the  ethyl 
barium  sulphate  by  the  hydrochloric  acid,  to  sulphuric  acid 
and  its  subsequent  combination  with  the  barium  chloride  set 
free  from  the  ethyl  barium  sulphate,  in  which  case  d^  may  be 
set  equal  to  d^  in  the  velocity  equation. 
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SCIENTIFIC    INTELLIGENCE. 


I.    Chemistry  and  Physics. 

1.  New  Volumetric  Method  for  Manganese. —M^tzgeb.  and 
Mabrs  have  devised  a  new  volumetric  method  for  the  determina- 
tion of  manganese,  which  is  particularly  interesting  as  it  is  based 
upon  a  novel  reaction,  and  as  it  appears  to  be  unusually  import- 
ant on  account  of  its  simplicity  and  accuracy  in  its  application  to 
the  analysis  of  iron  and  steel.  It  had  been  noticed  previously, 
particularly  by  Hillebrand,  that  considerable  amounts  of  hydro- 
fluoric acid  interfere  with  the  usual  titration  of  ferrous  iron  by 
permanganate  on  account  of  what  appeared  to  be  a  partial  reoxi- 
dation  of  the  resulting  manganous  fluoride  by  the  permanganate 
in  such  solutions.  The  present  authors  have  found  that  with  a 
suflicient  amount  of  hydrofluoric  acid  and  fluorides  present,  the 
reaction  with  manganous  fluoride  and  permanganate  proceeds  to 
a  definite  end-point  with  the  formation  of  manganic  fluoride, 
MnF,.     This  remarkable  reaction  is  represented  by  the  equation 

KMn04  +  4MnF,  +  8HF  =  KF  +  5MnF,  +  4H,0. 

Hence  the  iron  value  of  the  permanganate  multiplied  by  the 
factor  '7868  gives  its  manganese  value  for  the  method  under  con- 
sideration. The  manganic  fluoride  when  present  in  considerable 
amounts  imparts  a  brown  color  to  the  liquid,  so  that  the  method 
appears  to  be  more  suitable  for  small  than  for  large  quantities  of 
man^nese.  The  authors,  thu^  far,  have  tested  it  only  for  rather 
small  quantities,  and  have  obtained  exceedingly  good  results. 
Their  method  for  steel  and  cast  iron  is  as  follows  :  Dissolve 
about  1  g.  in  lO'^^  of  1 :  1  nitric  acid.  Cool  slightly,  add  I  g.  of 
ammonium  persulphate  (to  destroy  carbon  compounds),  and  let 
stand  until  effervescence  ceases  ;  boil  briskly  for  a  few  seconds  ; 
remove  cover  and  evaporate  to  dryness,  but  do  not  bake  ;  take 
up  in  20"  of  1 :  2  sulphuric  acid  and  30''*^  of  water  and  boil  until  the 
solution  is  clear.  Cool,  transfer  to  a  wax  beaker,  add  5  g.  of  ammo- 
nium fluoride,  and  25^®  of  hydrofluoric  acid,  dilute  with  water  to 
100-150%  and  titrate  the  colorless  liquid  with  permanganate  solu- 
tion until  a  pink  end-point  is  reached.  In  the  case  of  cast  iron 
containing  much  graphite  it  is  advisable  to  filter  off  this  substance 
before  adding  the  ammonium  fluoride  and  hydrofluoric  acid. 
Since  ferric  iron  does  not  interfere  with  this  titration,  and  since 
no  filtration  is  usually  necessary,  the  method  is  remarkable  for 
rapidity  and  simplicity. — Jour.  Indxtst.  and  Eng,  Chem.^  iii,  301. 

H.  L.  w. 

2.  Sulphite  Method  for  Separating  and  Identifying  Strontium 
and  Calcium.  —  Since  strontium  sulphite  is  sparinglv  soluble 
(0-033  g.  to  the  liter)  while  calcium  sulphite  is  quite  soluble  (l*2g. 
to  the  liter),  and  since  strontium  sulphite  is  considerably  less  solu* 
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ble  than  strontium  sulphate  (O'll  g.  to  the  liter),  J.  I.  D.  Hinds 
proposes  the  use  of  freshly  prepared  sodium  sulphite  solution  for 
the  separation  of  the  two  metals  in  qualitative  analysis.  The  test 
is  best  applied  in  strong  acetic  acid  solution.  It  appears  that 
much  calcium  sulphite  is  liable  to  be  precipitated  with  the  stron- 
tium sulphite,  and  that  the  method  requires  close  adherence 
to  prescribed  conditions.  Moreover,  if  the  solution  of  sodium 
sulphite  is  kept  long  the  sulphate  in  it  is  increased  by  oxidation 
and  the  reactions  are  not  typical.  It  seems  probable,  therefore, 
that  the  method  is  much  less  satisfactory  than  the  well-known 
treatment  of  the  nitrates  with  amyl  alcohol. —  Chem.  News^  ciii, 
157.  H.  L.  w. 

3.  Sketch  of  a  Course  of  Chemical  Philosophy y  by  Stantslao 
Cannizzabo.  12mo,  pp.  55.  Edinburgh  (The  Alembic  Club); 
Chicago  (The  University  of  Chicago  Press),  1911.— This,  the  18th 
of  the  Alembic  Club  reprints  of  celebrated  chemical  publications, 
is  the  translation  of  an  article  published  in  1858  by  the  eminent 
Italian  chemist,  giving  a  summary  of  his  course  of  lectures  on 
chemical  philosophy.  Here  for  the  first  time,  forty  years  after 
its  publication,  was  the  value  of  the  hypothesis  of  Avogadro  fully 
recognized.  The  publication  led  to  fundamental  changes  of  chem- 
ical formulas  into  the  "New  System"  ;  HO  became  H,0,  KO 
became  K^O,  CaCl  became  CaCl,,  etc.,  while  at  the  same  time  it 
was  necessary  to  double  the  atomic  weights  of  the  elements  now 
considered  bivalent  and  quadrivalent.  It  is  a  very  clear  and  able 
discussion,  with  such  a  modern  aspect  that  only  those  who  are 
familiar  with  the  chemical  formulas  of  that  time  can  inWy  appre- 
ciate the  changes  that  were  being  advocated.  Permission  to 
publish  this  translation  was  received  from  the  venerable  chemist 
only  a  few  days  before  his  death  on  the  10th  of  May,  1910. 

H.  L.  w. 

4.  Qualitative  Chemical  Analysis^  by  Olin  Fbbeman  Tower. 
2d  edition,  revised.  8vo,  pp.  74.  Philadelphia,  1911  (P.  Blakis- 
ton's  Son  &  Co.). — The  appearance  of  a  new  edition  of  this  text- 
book indicates  that  it  has  been  favorably  received.  The  course 
of  analysis  followed  appears  to  be  well  chosen,  and  differs  in  but 
few  particulars  from  those  usually  found  in  books  of  its  class. 
The  directions  for  analysis  are  in  tabular  form,  but  are  satisfacto- 
rily full  in  regard  to  detail,  and  are  accompanied  by  copious 
explanatory  notes.  The  striking  peculiarity  of  the  book  is  the 
almost  complete  lack  of  chemical  equations,  and  the  view  of  the 
author  expressed  in  the  preface  that  these  "  tend  to  kill  initiative 
on  the  part  of  the  student."  Probably  the  great  majority  of 
teachers  of  analytical  chemistry  disagree  with  this  opinion,  believ- 
ing that  a  thorough  drill  in  chemical  equations  is  desirable  in  con- 
nection with  this  study.  An  introduction  of  14  pages  is  devoted 
almost  entirely  to  the  ionic  hypothesis,  and  it  is  an  excellent  treat- 
ment of  this  subject  ;  but  the  student  can  hardly  be  expected  to 
understand  this  thoroughly  before  taking  up  qualitative  analysis. 
It  would  seem  better  to  base  the  ionic  theory  on  the  facts  encoun- 
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tered  in  qualitative  analysis  rather  than  to  explain  the  facts  by 
the  theory.  The  main  fact  is  that  acids,  bases,  and  salts  readily 
exchange  their  metals  (including  the  hydrogen  of  acids)  in  solu- 
tion, and  a  clear  statement  of  this  fact,  devoid  of  theory,  would 
serve  as  a  good  introduction  to  the  study  of  analytical  chemis- 
try. At  the  present  time,  since  the  ionic  theory  is  now  presented 
in  the  text-books  of  elementary  chemistry,  there  appears  to  be  no 
more  need  of  an  introduction  of  the  ionic  theory  than  for  one  on 
the  atomic  theory  in  connection  with  qualitative  analysis,  for  the 
student  should  already  have  an  inkling  of  both  these  theories. 
These  remarks  on  the  use  of  the  ionic  theory  in  connection  with 
qualitative  analysis  are  not  directed  as  much  toward  the  book 
under  consideration — for  it  is  comparatively  moderate  in  this 
respect— as  toward  the  recent  tendency  to  carry  the  use  of  the 
ionic  theory  to  excess  in  such  books.  h.  l.  w. 

5.  On  JpTames  of  Low  Temperature  supported  by  Ozone. — In 
a  paper  read  before  the  Physical  Society  of  London  on  Nov.  25, 
1910,  it  was  shown  that  the  yellow  afterglow,  often  observed 
when  an  electric  discharge  has  passed  through  a  vacuum  tube 
containing  air,  is  due  to  the  mutual  reaction  of  nitric  oxide  and 
ozone,  each  formed  in  the  discharge.  The  glow  can  be  imitated 
by  causing  chemically  prepared  nitric  oxide  to  mix  with  a  stream 
of  oxygen  which  has  been  through  a  vacuum  tube  at  low  pressure. 

The  investigation  of  this  action  of  ozone  has  been  extended  by 
R.  J.  Strutt  to  other  oxidizable  gases  and  vapors.  The  essential 
parts  of  the  apparatus  used  and  the  manner  of  experimenting 
may  be  briefly  described  as  follows  :  After  being  admitted  to  the 
discharge  tube  at  one  end,  oxygen  passed  through  the  tube  and 
was  partially  converted  into  ozone  by  the  action  of  an  electric 
discharge  which  took  place  between  electrodes  placed  in  short, 
auxiliary  tubes  sealed  to  the  main  tube  at  right  angles.  The  dis- 
charge tube  was  bent  through  90°  at  a  point  a  few  centimeters 
from  its  exit  end,  and  this  portion  of  the  tube  was  surrounded 
by  a  larger  coaxial  tube  to  which  it  was  sealed  near  the  bend. 
The  outer  or  jacket  tube  was  straight,  it  extended  beyond  the 
open  end  of  the  discharge  tube,  and  it  was  terminated  by  a  quartz 
window.  The  gas,  whose  ability  to  react  with  ozone  was  to  be 
studied,  entered  the  jacket  tube  at  the  end  remote  from  the 
quartz  window,  passed  along  this  tube  and  met  the  ozone  and 
oxygen  at  the  nozzle  end  of  the  inner  or  discharge  tube.  Then 
all  the  gases  were  sucked  out  of  the  apparatus  by  a  mechanical 
pump  which  communicated  with  the  jacket  tube  close  to  the 
quartz  window.  Thus  the  seat  of  any  reactions  which  took  place 
was  in  the  region  immediately  surrounding  the  outlet  of  the 
discharge  tube.  Since  this  opening  was  directly  opposite  the 
quartz  window  it  was  a  simple  matter  to  focus  on  the  slit  of  the 
spectrograph  any  light  which  accompanied  the  reactions.  Obvi- 
ously, the  object  in  bending  the  prolongation  of  the  discharge 
tube  at  right  angles  to  the  main  axis  of  the  region  of  discharge 
was  to  prevent  light  from  the  discharge  from  reaching  the  slit  of 
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the  spectrograph  directly.  It  was  easy  to  make  correctioos  for 
the  small  amount  of  light  from  the  discharge  which  reached  the 
window  by  sundry  reflections  from  the  inner  walls  of  the  glass 
tubes. 

The  vapors  from  volatile  liquids  were  admitted  to  the  jacket 
tube  at  the  same  place  where  gases  were  caused  to  enter  from 
reservoirs.  When  it  was  desired  to  work  with  the  vapor  of  a 
volatile  solid,  fragments  were  simply  placed  in  the  jacket  tube, 
the  window  being  temporarily  removed  to  admit  them.  To 
observe  the  temperature  of  the  various  flames,  a  similar  appara- 
tus was  employed,  but  with  the  jacket  tube  sufficiently  prolonged 
to  contain  a  mercury  thermometer,  which  was  placed  so  that  its 
bulb  was  enveloped  in  the  flame.  A  small,  single-prism,  quartz 
spectrograph  was  used,  and  good  negatives  of  the  spectra  of  the 
flames  were  usually  obtained  with  an  hour's  exposure  or  less. 

The  following  summary  of  results  may  be  of  interest  :  Sul- 
phureted  hydrogen  mixed  with  ozone  gave  a  sky-blue  flame.  The 
temperature  recorded  was  70°  C.  However,  this  value  depends 
on  the  pressure.  The  spectrum  was  continuous  from  A  2300  to 
\  4800  with  superposed  bands  from  \  2300  to  about  X  2«00.  In 
this  case,  as  in  all  the  others,  the  glow  ceased  at  the  instant  when 
the  electric  discharge  was  stopped.  The  combustion  only  occurs 
at  these  low  temperatures  and  pressures  in  ozone;  it  is  not  main- 
tained when  oxygen  is  substituted.  Identical  results  were  obtained 
when  a  lump  of  solid  sulphur  was  introduced  into  the  jacket  tube. 
On  the  other  hand,  the  band  spectrum  is  entirely  different  from 
that  observed  when  sulphur  burns  in  air  at  a  pressure  of  about 
one  atmosphere.  Carbon  diaulphide  gave  a  blue  flame,  appar- 
ently the  same  as  sulphur  or  hydrogen  sulphide.  The  spectrum 
was  not  examined.  tSulphur  dioxide  gave  no  glow  with  ozone. 
Only  when  selenium  was  gently  heated  did  it  give  a  glow,  and 
this  was  very  inconspicuous.  Arsenic  was  apparently  not  acted 
on  by  ozone.  Iodine  gave  an  orange  glow,  redder  than  that  due 
to  nitric  oxide.  It  is  oxidized  to  a  yellowish  white  solid,  proba- 
bly iodine  pentoxide.  Ammonia^  carbon  monoxide^  hydrogen^ 
nitrogen^  nitrous  oxide,  methane,  ethylene,  the  vapors  of  petrol, 
ether^  and  alcohol  gave  no  glow.  Acetylene,  in  contradistinction 
to  most  hydrocarbons,  gave  a  fairly  conspicuous,  bluish-green 
glow.  The  thermometer  indicated  100°  C,  under  the  particular 
conditions  of  the  experiment.  The  spectrum  consisted  of  the 
Swan  bands,  together  with  the  hydrocarbon  band  at  \4315,  and 
it  is  thus  identical  with  the  spectrum  of  the  inner  cone  of  a 
Bunsen  flame.  The  color  of  the  flame  can  be  regulated  by  the 
acetylene  supply.  With  a  small  supply  it  is  green,  the  owan 
bands  predominating.  With  an  increased  supply  the  flame  con- 
tracts, the  ozone  being  now  consumed  before  it  has  got  far  from 
the  orifice  where  it  issues  into  the  acetylene.  At  the  same  time 
the  color  becomes  bluer,  and  the  hydrocarbon  band  brighter,  rela- 
tively to  the  Swan  bands,  than  in  a  Bunsen  flame.  Carbon  mon. 
oxide   seems  to  be  the  chief  product  of  combustion.     Benzene 
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under  some  conditions  gave  a  barely  perceptible  glow,  too  faint 
to  be  studied,  though  attended  by  a  notable  rise  of  temperature. 
On  one  occasion,  when  the  glow  was  not  observable,  a  white 
solid  was  deposited  on  the  glass.  This  solid  exploded  spontane- 
ously, with  a  loud  report,  breaking  the  apparatus,  and  leaving  a 
deposit  of  carbon.  The  explosive  compound  was  probably  the 
^'  ozobenzene  "  of  Houzeau  and  Renard.  ^apthakne  and  camphor 
failed  to  give  a  glow  but  were  energetically  acted  on.  The 
former  substance  was  carbonized,  and  the  latter  converted  into  a 
dull,  opaque  white  solid.  Cyanogen  gave  a  white  glow  with  a 
purple  tinge  in  the  vicinity  of  the  nozzle.  The  spectrum  con- 
>isted  of  the  characteristic  cyanogen  bands  together  with  the 
hydrocarbon  band  at  X4315.  An  unidentified  band  at  \  415  was 
also  observed.  Strutt  suggests  that  this  band  "  may  eventually 
prove  of  interest  in  connection  with  the  spectra  of  comets." — Pro- 
ceedings Phys.fSoc.  London^  xxiii,  Feb.  1911.  h.  s.  u. 

6.  A  Chemically  Active  Modification  of  Nitrogen^  produced 
by  the  Electric  Discharge, — It  is  known  that  vacuum  tubes  fre- 
quently show  luminosity  of  the  contained  gas  after  the  discharge 
is  over.  In  a  previous  paper  Strutt  showed  that  this  effect,  as  it 
occurs  in  air,  is  of  the  nature  of  a  phosphorescent  combustion, 
and  is  due  to  the  mutual  reaction  of  nitric  oxide  and  ozone,  each 
formed  in  the  discharge.  In  a  second  paper,  reviewed  above,  it 
was  shown  that  other  phosphorescent  combustions  can  be  observed 
in  ozone.  Also,  it  was  stated  in  the  first  paper  that  pure  nitro- 
gen gives  no  afterglow  whatever  when  a  simple  induction  coil 
discharge  is  used.  This  fact  has  been  frequently  verified  by  sub- 
sequent experiments  of  Strutt.  On  the  other  hand,  E.  P.  Lewis 
has  described  an  afterglow  obtained  in  nitrogen  when  a  Leyden- 
jar  discharge  with  auxiliary  spark-gap  is  employed.  By  using  a 
jar  discharge,  in  conjunction  with  apparatus  of  the  type  described 
in  the  preceding  review,  Strutt  has  obtained  the  remarkable  and 
important  results  given  in  his  "  Bakerian  Lecture."  The  most 
interesting  features  of  this  paper  will  now  be  set  forth. 

As  Lewis  observed,  the  glow  for  nitrogen  has  a  characteristic 
band  spectrum  not  known  in  any  other  connection.  In  the  visual 
region  there  are  three  bands,  one  in  the  green,  another  in  the 
yellow,  and  a  third  in  the  red.  The  glow  as  a  whole  appears 
yellow.  Qy  using  De war's  continuous  flow  method,  Strutt  has 
"  obtained  the  nitrogen  afterglow  intense  enough  to  be  conspicu- 
ous to  an  observer  30  feet  off,  when  it  was  18  inches  below  a  32- 
candle  electric  light."  Contrary  to  Lewis,  Strutt  found  that  the 
effect  could  be  obtained  with  nitrogen  from  natural  and  artificial 
sources,  the  purer  the  nitrogen  the  better  the  results.  "  lu  short, 
all  the  evidence  obtained  points  to  the  conclusion  that  the  glow 
is  connected  with  nitrogen,  and  nothing  but  nitrogen." 

The  effect  of  temperature  on  the  glow  is  important.  If  a 
long  tube,  through  which  a  stream  of  glowing  nitrogen  passes,  is 
moderately  heated,  the  glow  is  locally  extinguished.  As  the  gas 
passes  on  to  a  cooler  part  of  the  tube  its  luminosity  is  recovered. 
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If,  on  the  other  hand,  the  gas  is  led  through  a  tube  immersed  in 
liquid  air,  it  glows  out  with  increased  brilliancy  where  it 
approaches  the  liquid  air.  The  luminosity  is  completely  and 
finally  extinguished  when,  or  before,  the  fully  cooled  portion  of 
the  tube  is  reached.  The  kind  of  atomic  or  molecular  change 
which  might  be  expected  to  behave  in  this  way  is  aa  association, 
e.  g.  of  dissociated  nitrogen  atoms  into  molecular  nitrogen. 

The.  glowing  nitrogen  has  remarkable  chemical  properties. 
When  it  is  pumped  over  a  small  pellet  of  phosphorus  a  violent 
reaction  occurs,  red  phosphorus  is  formed,  and  the  yellow  glow  is 
quenched.  At  the  same  time  about  one-half  of  one  per  cent  of  the 
gas  is  absorbed.  This  is  a  measure  of  the  proportion  of  active 
nitrogen  present  iu  the  whole  stream  and  it  is  of  the  same  order 
of  magnitude  as  the  percentage  of  oxygen  converted  in  an  ozon- 
izer.  When  the  discharge  tube  is  closed  at  both  ends  and  the 
afterglow  is  allowed  to  diffuse  until  it  meets  the  phosphorus 
vapor  the  same  reaction  takes  place.  The  absorption  reduces  the 
pressure  of  the  gas  so  low  as  to  stop  the  electrical  discharge. 
The  reaction  is  not  affected  by  removing  the  ions  from  the  gas 
by  means  of  a  suitable  electrostatic  field.  The  fact  that  nitro- 
gen a'nd  phosphorus  cau  combine  under  these  conditions  was  not 
known  before. 

The  glowing  nitrogen  also  exhibits  remarkable  phenomena 
when  led  over  iodine.  Its  normal  yellow  glow  is  replaced  by  a 
light  blue  fiame  at  the  place  where  it  mingles  with  the  iodine 
vapor.  A  slight  rise  of  temperature  is  observed  in  this  region. 
"The  fiame  gives  a  magnificent  spectrum  of  broad  bands." 
"  Details  will  follow  in  a  later  paper." 

Antimony,  carbon  and  selenium  had  no  effect  on  the  glow  of 
the  nitrogen.  Hydrogen  simply  diluted  the  glow,  while  oxygen 
extinguished  it.  Arsenic  and  sulphur  gave  reactions  which  were 
not  very  striking. 

Perhaps  the  most  important  discovery  recorded  in  the  paper  is 
the  fact  that  glowing  nitrogen  reacts  quite  vigorously  with  many 
metals  and  metallic  compounds,  and  simultaneously  gives  rise  to 
the  characteristic  spectra  of  the  metals  involved. 

As  Strutt  remarks  :  *'  It  opens  up  a  new  field  of  experiment  to 
be  able  to  produce  metallic  spectra  in  a  vessel  at  ho  low  an  aver- 
age temperature,  and  in  the  absence  of  an  electric  field." 

The  line  spectra  of  cadmium,  lead,  magnesium,  mercury,  potas- 
sium, sodium,  and  zinc  were  obtained  with  the  pure  metals. 
Thallium  was  tried  in  the  form  of  the  chloride  and  gave  a  mag- 
nificent green  light,  in  striking  contrast  to  the  yellow  afterglow 
which  it  replaces.  As  with  phosphorus,  so  also  with  metallic 
sodium  and  mercury,  the  absorption  of  nitrogen  was  demon- 
strated. It  was  also  shown  that  none  of  the  phenomena  is  due 
to  the  presence  of  ions  in  the  glowing  nitrogen,  but  only  to  the 
uncharged,  "active"  nitrogen.  The  ions  were  removed,  of  course, 
by  means  of  a  strong,  electric  cross-field  introduced  in  the  path 
of  the  flowing  gas  between  the  region  of  discharge  and  the  place 
where  the  various  reactions  were  observed. 
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Lack  of  space  necessitates  the  omission  of  even  a  bare  statement 
of  many  important  observations  recorded  with  respect  to  the  action 
of  glowing  nitrogen  on  compound  bodies.  Nevertheless,  atten- 
tion must  be  called  to  two  noteworthy  cases. 

Manganese  dioxide  and  copper  oxide  are  fatal  to  the  glow. 
"  The  analogy  to  the  known  destruction  of  ozone  by  these  sub- 
stances cannot  fail  to  attract  attention." 

Nitric  oxide,  when  allowed  to  mix  with  the  active  nitrogen, 
shows  a  very  strange  behavior.  A  greenish  flame,  possessing  a 
continuous  spectrum,  is  produced  and  heat  is  developed  at  the 
point  of  confluence.  To  test  whether  any  gas  condensable  at 
—  180°  C.  was  produced,  the  gases  from  the  flame  were  led 
through  a  U-tube  cooled  in  liquid  air,  and  a  dark  blue  substance 
was  condensed  out.  This  melted  to  an  indigo-blue  liquid,  and 
Anally  revealed  itself  as  nitrogen  peroxide  by  evaporating  off  into 
an  orange  gas,  soluble  in  caustic  alkali.  Repeating  the  experi- 
ment without  exciting  the  electric  discharge  led  to  the  formation 
of  no  nitrogen  peroxide.  Strutt  says  :  "  It  is  very  surprising  that 
a  reaction  between  nitrogen  and  nitric  oxide  should  lead  to  the 
formation  of  a  substance,  not  less,  but  more  oxidized  than 
the  latter." — Proceedings  Boy.  Soc,  Ixxxv,  May,  1911. 

H.  s.  u. 

7.  On  Extremely  Long  Waves,  emitted  by  the  Quartz- Mercury 
Lamp. — A  brief  account  of  a  paper  by  Rubens  and  Wood,  on  this 
subject,  was  given  in  the  May  number  of  this  Journal  (pp.  456, 
457).  The  investigation  has  been  continued  by  Rubens  and 
VON  Baeyer. 

The  apparatus  used  and  the  method  of  experimenting  were  the 
same  as  in  the  earlier  work.  Strong  Leyden-jar  sparks  between 
electrodes  of  aluminum,  bismuth,  cadmium,  iron,  platinum,  and 
zinc  were  first  tried,  but  radiations  of  greater  wave-length  than 
those  formerly  obtained  with  a  Welsbach  mantle — lOS/n— were 
not  found.  "A  comparatively  very  strong  long-waved  radiation 
was,  however,  obtained  with  the  quartz-mercury  lamp,  especially 
at  higher  consumption  of  energy."  With  a  current  of  4  amperes 
on  100  volts,  the  arc  being  about  80™°^  long,  a  deflection  of  more 
than  50"""  appeared  in  the  micro-radiometer.  A  ray-filter  of 
black  cardboard,  about  0-38°*"  thick,  proved  most  efficient  for  the 
isolation  of  the  very  long  waves. 

The  authors  proved  that  the  longest  waves  are  emitted  by  the 
mercury  arc  and  not  by  the  quartz  walls  of  the  lamp.  The  mean 
wave-length  obtained  was  about  314ft,  or  nearly  0-3"'™.  Thus  the 
infra-red  spectrum  sustains  another  enlargement  of  1-5  octaves. 
A  table  of  percentages  of  energy  transmitted  by  seventeen  useful 
substances  is  given,  both  for  the  Welsbach  radiations,  108^*,  and 
for  the  mercury  arc,  314^.— PAi7.  Mag.  (6),  xxi,  689.         h.  s.  u. 

8.  Primipien  der  Atomdynamik  ;  von  Dr.  J.  Stark.  I  Teil. 
Die  elekrischen  Quanten.  Pp.  x,  124.  Leipzig,  1910  (S.  Hirzel). 
— According  to  the  author's  preface,  the  present  pamphlet  is  to 
form  the  first  part  of  a  book  w^hich  will  consider  especially  the 
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relation  of  atomic  theories  to  the  physical  theories  based  upon 
the  properties  of  a  continuous  medium  (the  ether),  such  as  the 
prevailing  theories  of  electromagnetism  and  of  light.  That  some 
reconciliation,  or  at  least  some  adjustment,  between  the  two  points 
of  view  has  become  necessary  is  plainly  apparent  nowadays  to  all 
students  of  physics.  It  is  perhaps  the  modern  way  of  stating  the 
question  which  used  to  be  called  the  problem  of  the  relation  be- 
tween ether  and  matter.  In  the  part  before  us,  the  electric  atoms 
(electrons  and  "archions")  are  considered  ;  and  the  two  remain- 
ing parts  which  are  to  complete  the  book  will  deal  with  the  atomic 
structure  of  radiation  and  of  matter  respectively.  h.  a.  b. 

9.  The  Pressure  of  Light  ;  by  J.  H.  Poynting.  Pp.  viii,  103. 
London,  1910  (Society  for  Promoting  Christian  Knowledge). — 
This  little  volume  contains  the  substance  of  several  lectures  on 
the  pressure  of  light  which  have  been  given  by  Professor  Poyn- 
ting  before  various  popular  audiences.  It  is  marked  by  the  lucidity 
and  simplicity  which  are  characteristic  of  the  author,  particularly 
in  the  illustrative  experiments  which  are  described.  The  whole 
of  the  text  is  untechnical  and  may  be  easily  read  by  any  one  who 
is  interested  in  this  important  development  of  physical  science  ; 
while  for  readers  who  desire  to  obtain  some  idea  of  the  mathe- 
matical theory  of  the  subject,  an  appendix  is  provided  in  which 
the  necessary  calculations  are  set  forth.  h.  a.  b. 

10.  Physics  ;  by  C.  R.  Mann  and  G.  li.  Twiss.  Revised  edi- 
tion. Pp.  424;  220  figures.  Chicago,  1910  (Scott,  Foresnian 
and  Co.). — This  is  a  revision  of  a  high  school  text-book  which  first 
appeared  about  ^w%  years  ago.  The  new  edition  differs  from  the 
old  both  in  subject  matter  and  in  method  of  presentation.  In 
accordance  with  the  growing  sentiment  against  the  laws  of  acceler- 
ated motion,  the  absolute  units,  etc.,  for  high-school  pupils,  the 
authors  have  endeavored  to  limit  their  choice  of  material  to  that 
which  would  appeal  to  the  pupils  as  significant  and,  by  means  of 
numerous  problems  in  which  the  mathemathical  diificulties  are 
reduced  to  a  minimum,  to  assure  the  mastery  of  the  subject  mat- 
ter. The  text  is  divided  into  two  parts,  of  which  the  first  is 
designed  as  a  year's  work  to  be  of  interest  to  everybody.  The 
second  part  provides  for  an  amplification  of  the  course  to  meet 
the  requirements  of  the  College  Entrance  Board.  Italics  and 
heavy-faced  type  emphasize  the  more  important  conclusions. 

D.  A.  K. 

1 1.  The  Principles  of  Electro- Deposition  ;  by  Samuel  Field. 
Pp.  XV,  383  ;  54  tables'and  J  21  figures.  New  York,  1911  (Long- 
mans, Grreen  and  Co.). — The  aim  of  the  author  is  to  provide  a 
laboratory  guide  which  shall  give  a  thorough  understanding  of 
the  underlying  principles  of  the  subject,  rather  than  to  furnish  a 
mass  of  details  of  workshop  practice  but  briefly  treated.  The 
first  seven  chapters  deal  with  cells,  the  properties  of  electric  cur- 
rents, principles  of  the  dynamo  and  the  arrangement  of  appara- 
tus. Then  follow  four  chapters  on  the  preparation  of  materials 
and  solutions,  eight  chapters  on  the  deposition  of  various  metals 

Digitized  by  LjOOQIC 


Geology  and  Mineralogy,  69 

and  on  metal  coloring,  six  chapters  on  qualitative  and  quantita- 
tive analysis  (limited  to  the  study  of  the  purity  of  the  metals  and 
solutions  employed,  and  the  methods  of  purifying  them),  a  final 
chapter  on  the  recovery  of  metals,  and  an  appendix  of  twenty 
tables  which  should  prove  useful  to  a  practical  man  of  limited 
library  facilities.  d.  a.  k. 


II.     Geology  and  Mineralogy. 

1.  United  States  Geological  Survey;  George  Otis  Smith, 
Director. — Recent  publications  of  the  U.  S.  Geological  Survey  are 
noted  in  the  following  list  (continued  from  vol.  xxxi,  p.  235)  : 

Topographic  Atlas. — Twenty-eight  sheets. 

Folio  No.  175.  Birmingham  Folio,  Alabama;  by  Charles 
Butts.     Pp.  24;  1  chart,  4  maps,  1  page  illustrations  (I-XII). 

No.  176.  Sewickley  Folio,  Pennsylvania;  by  M.  J.  Munn. 
Pp.  16  ;  one  chart,  4  colored  maps. 

Bulletins. — No.  431.  Coal  and  Lignite  ;  by  Charles  Butts, 
M.  R.  Campbell,  E.  G.  Woodruff,  C.  T.  Lupton,  J.  S.  Diller, 
M.  A.  PiSHEL,  H.  E.  Gregory,  and  A.  C.  Veatch.  Pp.  163 ;  12 
plates,  4  figures.  Contributions  to  Economic  Geology,  1909. 
Part  11. 

No.  438.  Geology  and  Mineral  Resources  of  the  St.  Louis 
Quadrangle.  Missouri-Illinois  ;  by  N.  M.  Fenneman.  Pp.  73 ; 
6  plates,  one  figure. 

No.  439.  The  Fauna  of  the  Moorefield  Shale  of  Arkansas ; 
by  George  H.  Girty.     Pp.  148  ;  15  plates. 

No.  445.  Geology  of  the  Pegmatites  and  associated  Rocks  of 
Maine,  including  Feldspar,  Quartz,  Mica,  and  Gem  Deposits ;  by 
Edson  S.  Bastin.     Pp.  152  ;   19  plates,  8  figures. 

No.  446.  Geology  of  the  Bemers  Bay  Region,  Alaska  ;  by 
AnoLPH  Knopf.     Pp.  58  ;  2  plates,  4  figures. 

No.  447.  Mineral  Resources  of  Johnstown,  Pennsylvania,  and 
Vicinity  ;  by  W.  C.  Piialen  and  Lawrence  Martin.  Surveyed 
in  Cooperation  with  the  Topographic  and  Geologic  Survey  Com- 
mission of  Pennsylvania.     Pp.  142;  7  plates,  22  figures. 

Nos.  453,  459,  460,  461,  462.  Results  of  Spirit  Leveling  done 
in  cooperation  with  the  States  ;  R.  B.  Marshall,  Chief  Geogra- 
pher. No.  453,  Minnesota,  pp.  39,  1  plate.  No.  459,  Missouri ; 
pp.  48, 1  plate.  No.  460,  Iowa,  pp.  32,  1  plate.  No.  461,  Michi- 
gan and  Wisconsin,  pp.  64,  1  plate.  No.  462,  Oregon,  pp.  82,  1 
plate. 

No.  465.  The  State  Geological  Surveys  of  the  United  States ; 
compiled  under  the  direction  of  C.  W.  Hayks.     Pp.  177. 

No.  470-E,  Contributions  to  Economic  Geology,  1910.  Rare 
Metals  ;  by  F.  L.  Hess.  Pp.  12;  1  figure.  470-1,  Mineral  Paints  ; 
by  B.  L.  Miller.  Pp.  15.  470-J,  Sulphur  and  Pyrite;  by  R. 
W.  Richards  and  J.  U.  Bridges.     Pp.  8 ;  1  figure. 
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Watbr  Supply  Papers. — No.  257.  Well-Drilling  Methods  ; 
by  Isaiah  Bowman.     Pp.  139  ;  4  plates,  25  figures. 

'No.  258.  Underground- Water  Papers  1910  ;  by  M.  L.  Fuller, 
F.  G.  Clapp,  G.  C.  Matson,  Saj^uel  Sanford,  and  H.  C.  Wolfp. 
Pp.  123  ;  2  plates,  32  figures. 

No.  270,  Surface  Water  Supply  of  the  United  Stales,  1909. 
Part  X.  The  Great  Basin  ;  prepared  under  the  Direction  of  M. 
O.  Lbighton  by  E.  C.  La  Rue  and  F.  F.  Henshaw.  Pp.  192; 
5  plates,  1  figure. 

2.  l^opographic  and  Geologic  Survey  of  Pennsylvania, 
Jiichard  R.  itice,  State  Geologist.  Report  iV^o.  i.  Geology  of 
the  Oil  and  Gas  Fields  in  Sewickley  Quadrangle;  by  M.  J. 
MuNN.  Surveyed  in  cooperation  with  the  U.  S.  Geological  Sur- 
vey. Pp.  171  ;  10  plates.  Harrisburg,  1910.  Report  No,  3, 
Geology  of  the  Oil  and  Gas  Fields  of  the  Clarion  Quad- 
rangle;  by  M.  J.  MuNN.  Pp.  Ill  ;  9  plates,  one  figure. — 
These  recently  issued  reports  show  the  important  work  which 
is  being  carried  forward  by  the  Geological  Survey  of  Penn- 
sylvania in  cooperation  with  the  U.  S.  Survey.  They  have  been 
prepared  by  the  same  author  (who  is  also  the  author  of  the  Sewick- 
ley  Folio  noted  above),  and  give  detailed  and  accurate  information 
in  regard  to  the  gas  and  oil  fields  in  the  two  quadrangles  men- 
tioned. The  facts  here  presented  will  be  of  great  value,  not  only 
locally  but  also  to  all  oil  and  gas  operators  as  well  as  to  those 
concerned  with  the  geological  problems  involved.  The  careful 
sections  given  in  the  series  of  deep  wells  exhibit  the  geologic  rela- 
tions. Perhaps  the  most  interesting  points  discussed  are  those 
bearing  upon  the  relation  between  the  quantity  of  oil  and  gas 
and  the  geological  structure  shown  in  the  anticlinal  folds.  The 
writer  does  not  attempt  to  settle  the  difficult  and  frequently  dis- 
cussed questions  involved,  but  the  full  and  accurate  statement  of 
facts,  particularly  those  of  the  better  known  Sewickley  quad- 
rangle, will  do  much  to  throw  light  upon  the  subject. 

3.  North  Carolina  Geological  atid  Economic  Survey.  Joseph 
H.  Pratt,  State  Geologist. — The  following  publications  have 
recently  appeared  : 

Biennial  Report  of  the  State  Geologist,  1909-1910.     Pp.  152. 

Bulletin  No.  22.  The  Cid  Mining  District  of  Davidson  County, 
North  Carolina  ;  by  Joseph  E.  Pogue,  Jr.  Pp.  144;  22  plates, 
5  figures. 

Economic  Paper  No.  21.  Proceedings  of  the  third  Drainage 
Convention  held  at  Wilmington,  N.  C,  Nov.  22,  23,  1910;  and 
North  Carolina  Drainage  Law  codified  ;  compiled  by  Joseph 
H.  Pratt.     Pp.  61  ;  4  plates. 

4.  The  Ice  Age  in  North  America  and  its  Beariiigs  upon  the 
Antiquity  of  Man;  by  G.  Frederick  Wright.  8°,  pp.  763; 
166  figures.  Oberlin,  Ohio,  1911  (Bibliotheca  Sacra  Co.).— A  fifth 
edition  of  this  well-known  work  is  proof  both  of  the  widespread 
interest  in  glacial  phenomena  and  the  geological  period  in  which 
its  results  were  so  strikingly  displayed,  and  also  of  Professor 
Wright's  success  in  creating  a  work  to  satisfy  it. 
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Chapters  on  the  characters  of  glaciers,  their  distribution,  with 
descriptions  of  occurrences  in  North  America,  lead  up  to  the  dis- 
cussions of  the  glacial  period,  its  varied  results,  and  possible 
cause.  Considerable  new  matter  has  been  added  in  supplement- 
ary statements.  The  author  gives  the  different  hypotheses  that 
have  been  advanced  to  account  for  the  formation  of  the  great  ice- 
sheets,  and  discusses  some  of  them  at  length.  CroU's  hypothesis 
is  now  so  generally  disregarded,  or  relegated  to  a  minor  position, 
that  it  hardly  seems  worth  the  extended  treatment  given  to  it.  It 
is  here  that  the  work  suffers  in  clearness  of  presentation  to  the 
general  reader,  caused  by  the  retention  of  the  older  matter  and 
the  interspersal  of  new.  An  entire  rewriting  of  this  part  would 
have  greatly  aided  it.  The  author  comes  to  no  definite  conclu- 
sion as  to  the  cause  of  the  glacial  period,  but  considers  it  is  a 
problem  for  the  future. 

Perhaps  that  part  of  the  work  which  will  continue  to  meet  the 
most  criticism  is  the  final  portion  in  which  the  age  of  man  in  this 
country  is  treated.  As  is  well  known,  Professor  Wright  is  an 
advocate  of  the  human  occupancy  of  North  America  during  the 
glacial  epoch.  The  arguments  of  the  evolutionists  he  considers 
met  by  the  great  recency  which  he  attributes  to  this  period.  It 
is  not,  however,  the  point  of  view  but  the  treatment  of  evidence 
in  which  the  writer  must  meet  objection.  Apparently  all  finds 
of  underground  human  remains  and  implements,  under  any  cir- 
cumstances, have  to  him  scientific  value,  and  the  criteria  applied 
in  other  portions  of  the  book,  in  considering  alternative  expla- 
nations, here  seem  to  be  largely  wanting.  The  age  of  man  in 
this  country  is  still  an  open  question,  and  it  will  not  be  settled  to 
the  satisfaction  of  scientists  until  a  suflficient  body  of  evidence  has 
been  produced  by  men  whose  training,  both  in  geology  and 
archaeology,  renders  them  thoroughly  competent  to  undertake  the 
necessary  investigations,  and  to  recognize  the  true  value  and 
relations,  in  place,  not  of  a  part,  but  of  all  the  facts.        l.  v.  p. 

5.  Characteristics  of  Existiiig  Glaciers;  by  William  Her- 
bert HoBBS,  Professor  of  Geology  in  the  University  of  Michigan. 
Pp.  xxiv,  301;  34  plates,  140  figures.  New  York,  1911.  The 
Macmillan  Co.  Price,  $3.25  net. — This  work  easily  takes  rank 
among  the  most  important  treatises  on  glaciation,  and  it  is  further- 
more  made  attractive  by  good  paper,  clear  topography,  and  hand- 
some illustrations.  The  plates  are  half-tone  reproductions  of 
instructive  photographs,  and  the  line  drawings  are  very  effective 
in  imparting  graphic  ideas  beyond  the  reach  of  the  camera.  It  is 
a  study  of  existing  glaciers  with  the  emphasis  placed  upon  the 
glacier  as  a  whole  and  the  relative  function  of  each  part,  rather 
than,  as  in  most  previous  works,  a  detailed  treatise  of  such  sub- 
jects as  glacial  motion  or  glacial  erosion.  The  glacier  is  further- 
more studied  from  the  standpoint  of  its  life  history,  from  its  incep- 
tion 4n  a  gathering  snowfield  through  the  cycle  of  its  growth  and 
retreat  to  its  ultimate  extinction.  From  this  rather  new  concept, 
however,  definite  ideas  are  derived  on  such   debated  topics  as 


Digitized  by  LjOOQIC 


72  Scientific  Intelligence. 

glacial  erosion  or  protection.  The  great  distinctions  in  kind 
between  mountain  glaciers  and  continental  glaciers  are  empha- 
sized, a  difference  not  only  of  size  and  form,  but  of  mode  of 
nourishment,  motion  and  erosion.  The  over-emphasis  which  has, 
owing  to  its  historical  development,  been  put  upon  mountain 
glaciation  is  corrected  in  this  book,  two-thirds  being  given  to 
Arctic  and  Antarctic  glaciation. 

The  advance  of  glacial  theory  has  been  accompanied  by  long- 
drawn  controversy,  first  in  regard  to  the  agency  of  ice  or  water, 
then  as  to  land  or  marine  ice,  next  of  chronologic  unity  or 
complexity,  and  still  of  erosive  competency  or  incompetency. 
This  has  been  largely  due  to  the  relative  lack  of  comprehensive 
studies  of  living  glaciers  as  compared  to  the  intensive  study  of 
past  glaciation.  This  being  the  case,  such  a  book  as  the  present 
is  of  especial  value,  and,  as  Professor  Hobbs  remarks,  "  It  is 
believed  that  more  is  gained  from  setting  forth  the  evidence  from 
one's  own  viewpoint  than  by  entering  into  controversy."  It  is, 
therefore,  a  contribution  in  the  spirit  of  Sir  Charles  Lyell — **  the 
present  is  the  key  to  the  past."  j.  b. 

6.  Les  Variations  Periodiques  dea  Glaciers,  XF^"®  rapport. 
1909  ;  redige  par  Dr.  Ed.  Bruckner,  Professeur  ^  la  Universite 
de  Vienne,  President  de  la  Commission  et  E.  Murat,  Inspecteur 
des  Kordtes  ^  Lausanne,  Secretaire  de  la  Commission.  Extrait 
des  Annales  de  Glaciologie,  vol.  v,  pp.  177-202,  Jan.  1911. — In 
1909,  as  in  recent  years,  the  world's  glaciers,  with  the  exception 
of  those  in  Scandinavia,  exhibited  in  general  a  further  retreat.  In 
the  Swiss  Alps,  for  example,  33  showed  a  definite  retreat  and  only 
two  a  definite  advance.  The  glacier  d'Argenti^re  of  the  Mont 
Blanc  massif  retreated  18*6™  between  July  23,  1908,  and  July 
28,  1909.  On  the  latter  date  the  front  of  the  glacier  was  1050"' 
from  the  point  which  it  attained  in  1819.  In  Norway  the  gla- 
ciers of  the  central  high  mountains  exhibited  a  general  decrease, 
but  this  is  matched  by  an  equally  general  increase  in  those  of  the 
Western  Coast  Range.  In  Alaska  a  map  of  Glacier  Bay,  based 
on  surveys  made  in  1907,  shows  a  very  marked  decrease  of  gla- 
ciers during  the  previous  15  to  20  years,  recessions  being  noted 
of  from  5  to  13*5  kilometers.  *  j.  b. 

7.  Physih  der  Erde  ;  von  Dr.  M.  P.  Rudzki,  O.  Professor  an 
der  Universitat  Krakau.  Pp.  viii,  584  ;  5  plates,  60  text  figures. 
Leipzig,  1911  (Chr.  Herm.  Tauchnitz). — This  work  consists  of 
fourteen  chapters,  averaging  41  pages  each,  on  such  subjects  as 
the  figure  of  the  earth,  determinations  of  gravity  and  its  anoma- 
lies, density  and  temperature  of  the  earth's  interior,  seismology, 
deformation,  waves,  tides,  ocean  currents,  rivers,  ice  and  glaciers, 
the  glacial  period.  The  general  mode  of  treatment  is  to  give 
some  pages  of  descriptive  matter  and  tables  of  values  followed  by 
the  mathematical  theory.  Conclusions  from  the  latter  are  also 
given.  The  volume  thus  brings  together  a  considerable  amount 
of  statistical  data  of  various  sorts,  such  as  lend  themselves  to 
mathematical  treatment,  and  the  lines  of  that  treatment  are  also 
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^iven.  The  book  is  essentially  a  compilation  and,  as  seen  from 
the  space  assigned  to  each  subject,  it  is  far  from  being  exhaustive. 
The  important  results  of  Hayford,  for  instance,  are  summed  up  on 
two  pages  ;  no  mention  is  made  of  the  volume  published  by  the 
Carnegie  Institution  in  1909  on  Fundamental  Problems  in  Geol- 
ogy. Radium  and  its  relation  to  the  earth  occupies  but  three 
pages.  No  mention'  is  made  of  Chamberlin's  hypotheses  regard- 
ing the  earth's  interior  and  their  relation  to  deformation.  The 
photographic  plates,  while  making  the  volume  more  attractive, 
are  not  essential  to  the  text. 

The  book  fulfils  a  certain  purpose  as  an  introduction  to  geo- 
physics, but  it  should  be  noted  that  mathematical  treatment  has 
in  the  past  inspired  a  false  confidence  in  results  which  were  often 
based  on  incomplete  or  uncertain  premises.  It  seems,  therefore, 
that  such  an  introductory  view  should  give  a  much  larger  space 
to  multiple  hypotheses  and  their  geological  and  quantitative 
probability,  indicating  the  lines  of  mathematical  analysis  which 
will  further  test  such  hypotheses  or  add  to  their  fertility  of  results. 

J.  B. 

8.  The  Geological  Survey  of  Sweden, — The  Swedish  Geologi- 
cal Survey,  which  has  always  been  active  in  its  work  and  publica- 
tions, has  recently  issued  a  series  of  important  papers.  These 
include  three  quarto  volumes  :  The  first  series  (Ca,  No.  4)  gives 
an  account  of  the  late  Quaternary  history  of  Gottland,  by 
H.  Munthe,  with  numerous  striking  illustrations.  A  second  (Ca, 
No.  5)  contains  a  series  of  papers  by  different  authors,  discussing 
the  glaciers  of  Sweden  in  the  year  1908,  with  twenty-six  plates. 
The  third  (Ca,No.  7),  by  A.  Gavelin  and  A.  G.  Hogbom,  describes 
the  ice  seas  which  occupied  extended  areas  in  the  mountain 
region  of  Sweden  at  the  end  of  the  Ice  Age.  Several  geological 
maps  have  also  been  issued,  and  further  Year-Book  No.  3  for 
1909,  containing  eleven  papers  on  various  subjects  by  different 
authors.  The  first  of  these  treats  of  the  climate  of  Sweden  in  the 
late  Quaternary  period,  by  G.  Andersson. 

9.  The  FossUs  and  Stratigraphy  of  the  Middle  Der^onic  of 
Wisconsin;  by  Hbrbhan  F,  Cleland.   Bulletin  XXI,  JVisconsin 

Geological  and  Natural  History  Survey,  pages  i-vi,  1-222,  and  53 
plates,  1911. — In  this  handsome  volume  Professor  Cleland  brings 
together  all  that  is  known  in  regard  to  the  geology  and  fauna  of 
the  rather  local  impure  dolomites  known  as  the  Milwaukee  for- 
mation and  correlated  1>y  the  author  with  the  upper  part  of  tiie 
New  York  Hamilton.  More  than  200  species  of  invertebrates 
and  fishes  are  discussed  and  illustrated,  of  which  about  40  are 
described  as  new.  The  life  assemblage  clearly  indicates  a  mix- 
ture of  eastern  and  western  faunas,  and  proves  that  "  Southern 
Wisconsin  was  in  the  path  of  migration"  between  these  two  inte- 
rior seas.  **  Some  time  before  the  close  of  the  Hamilton  commu- 
nication was  established  between  the  Wisconsin  and  lowan  areas, 
in  consequence  of  which  we  find  at  Milwaukee  a  mingling  of 
Cedar  Valley  forms  from  the  southwest  and   a  modified  post- 
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Corniferous  fauna  from  the  Ohioan  region."  This  volume  leads 
the  way  to  a  better  understanding  of  the  greater  western  fauna 
extending  from  Iowa  to  California,  and  from  Arizona  north  into 
the  Mackenzie  country.  c.  s. 

10.  Cambrian  Geology  and  Paleontology^  II— No.  2^  Middle 
Cambrian  Merostomata  ;  by  Chables  D.  Walcott.  Smithso- 
nian Misc.  Coll.,  57,  pages  17-33  and  6  plates.  1911. — This  is  the 
first  paper  of  a  series  in  which  the  Secretary  of  the  Smithsonian 
Institution  will  give  his  preliminary  studies  of  those  wonderfully 
well-preserved  Middle  Cambrian  fossils  discovered  by  him  near 
Mount  Stephen,  British  Columbia.  In  the  present  part  are  de- 
scribed two  new  merostomes  as  JSidneyia  inexpectans  and  Amiella 
ornata.     It  is  the  former  only  that  is  well  preserved. 

Walcott  erects  the  new  suborder  Limulava  for  these  eurypterid- 
like  animals,  but  as  they  differ  widely  from  the  Eurypterida  it 
will  be  better  to  raise  it  to  an  order.  Sidneyia  is  a  swimming 
merostome  with  well-developed  antennae,  a  lobster-like  tail,  and 
eleven  body  segments,  two  of  which  are  annular  and  the  other 
nine  are  naid  to  bear  leaf-like  branchial  appendages.  The  illus- 
tration shows  no  branchiae  on  the  two  anterior  segments,  the  third 
has  them  rudimentary,  while  on  the  other  six  each  pair  of  bran- 
chiae seems  to  be  common  to  two  body  segments.  If  the  illus- 
tration is  correct,  then  Sidneyia  has  but  six  segments  with  branchiae 
as  in  the  Eurypterida,  and  the  anterior  n  on -branchiate  segments 
may  represent  parts  of  the  thorax  that  are  united  with  the  ceph- 
alon  in  the  Eurypterida  and  Limulus.  Furthermore,  these  two 
anterior  thoracic  segments  bear  limbs  that  in  the  Eurypterida  are 
a  part  of  the  cephalo-thorax.  Sidneyia  when  viewed  from  the 
ventral  side  is  seen  to  have  five  pairs  of  appendages,  but  one  does 
not  see  here  that  the  cephalo-thorax  is  made  up  of  three  parts,  the 
cephalon  and  two  anterior  segments,  as  is  shown  to  be  the  case 
when  viewed  from  the  dorsal  side.  The  eyes  are  on  the  edge  of 
the  cephalon,  a  very  primitive  condition  in  the  light  of  trilobite 
ontogeny. 

The  discovery  of  these  merostomes  makes  it  the  plainer  that  a 
greater  amount  of  invertebrate  evolution  has  taken  place  before 
the  Cambrian  than  subsequently.  c.  s. 

11.  CoyUributions  tot/ie  Carboniferous  Flora  of  North- Eastcrdi 
Greenland ;  by  A.  G.  Nathorst.  Danmark-Eksped.  til  Gron- 
lands  Nordostkyst  1906-1908,  Bd.  Ill,  No.  12,  pages  339-346,  2 
plates,  1911. — The  small  flora  here  described  is  the  most  northerly 
one  known,  being  from  north  of  80°  latitude  on  the  east  coast  of 
Greenland.  Over  the  granite  there  lies  a  great  thickness  of  black 
shale,  thought  to  be  not  less  than  300  to  400  meters  thick,  and 
this  has  yielded  in  the  upper  part  the  plants  here  described.  On 
this  rests  a  red  conglomerate  (100°'),  with  well-rounded  pebbles 
about  the  size  of  a  hazelnut  passing  upward  into  variously  colored 
sandstones  (75°^),  that  in  the  upper  100  feet  have  an  abundance  of 
fossils,  especially  brachiopods.  Higher  is  a  dense  limestone  rich 
in  corals,  that  is  estimated  to  have  a  thickness  of  at  least  700 
meters. 
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The  age  of  the  plants  is  "  Lower  Carboniferous,"  and  the  same 
horizon  is  present  in  Spitzbergen.  Eleven  species  are  figured  or 
described,  but  of  these  only  five  are  specifically  identified.  These 
are  Calymmatotheca  bifida^  Sphenophyllum  tenerrimum  elonga- 
turn  (also  in  the  Pottsville),  AaterocalamiteB  scrobiculatus,  Lepi- 
dodendron  speUhergense  (and  three  other  species),  Lepidophylluni 
cfr.  lanceolatum,  and  Stigmaria ficoides,  o.  s. 

12.  On  a  Trenton  JEchinoderm  Fauna  at  Kirkfield^  Ontario; 
b3^  Frank  Springer.  Mem.  No.  15-P,  Dept.  Mines,  Canada, 
GeoL  Surv.  Branch.  Pp.  60  and  5  heliotype  plates,  1911. — While 
excavating  the  Trent  canal  in  the  lower  Trenton  limestone  much 
excellent  echinoderm  material  was  obtained  from  25  to  80  feet 
above  the  Black  River,  all  of  which  is  here  listed  or  described. 
Of  crinoids  there  are  26  species  (2  new),  edrioasterids  4,  cystids 
3  and  starfishes  5.  The  '*  most  remarkable  fossil  echinoderm " 
Hybocystis  is  described  in  detail  and  illustrated  in  12  fine  figures 
on  Plate  II.  An  entire  colony  was  found  in  which  more  than 
100  specimens  were  crowded  into  a  space  of  a  few  square  feet. 
Four-fifths  of  these  are  H,  eldonensis  Parks.  The  genus  is 
remarkable  because  it  has  but  3  erect  blunt  arms,  the  other  2 
being  recumbent  as  in  some  cystids  and  fastened  to  the  calyx 
plates.  Much  labor  has  also  been  devoted  to  Cnpulocrinus^ 
which  is  not  far  removed  from  the  radicle  that  gave  rise  to  the 
order  Flexibilia  present  at  this  locality  in  2  species  of  Protaxo- 
crinus.  Interesting  remarks  are  made  on  Cleiocrinus  regiusy 
which  has  the  calycine  pores  and  pore-rhombs  of  the  cystids,  and 
the  species  is  referred  to  as  a  "  case  of  premature  secession  from 
the  cystids."  Astroporites  ottawaensia  Lambe,  originally  regarded 
as  a  probable  bryozoan,  is  here  said  to  represent  '*  the  lower  part, 
or  floor,  of  an  unusually  highly  organized  root  of  a  crinoid,  con- 
solidated by  growth  into  a  calcareous  plate  for  attachment  to  flat 
surfaces."  The  illustrations  are  remarkably  fine  drawings  by  K. 
M.  Chapman.  c.  s. 

13.  Oeology  of  the  Thousand  Islands  Region  ;  by  H.  P. 
CusHiNG,  H.  L.  Fairchild,  R.  Ruedemann  and  C.  H.  Smyth,  Jr. 
New  York  State  Museum,  Bull.  145,  pp.  194,  many  illustrations 
and  6  maps,  1910. — A  most  excellent  and  detailed  geologic,  strati- 
graphic  and  petrographic  report  of  an  interesting  area.  The 
basement  rocks  are  of  the  Grenville  series,  and  are  more  or  less 
overlapped  from  the  east  by  the  thin  Potsdam  sandstone  and 
Theresa  dolomite  of  Upper  Cambrian  age.  On  this  follows  a  short 
erosion  interval,  and  then  a  submergence  from  the  south,  the 
Beekmantown  limestone,  another  erosion  period  followed  by  a 
little  of  the  Stones  River  limestone  (Pamelia),  a  third  lost  inter- 
val, and  then  a  long  marine  invasion,  the  Mohawkian  (Lowville, 
Watertown,  and  Trenton)  limestone.  The  Pleistocene  geology 
is  by  Professor  Fairchild.  c.  s. 

14.  Geology  of  the  Poughkeepsie  Quadrangle  ;  by  C.  E.  Gor- 
don. New  York  State  Museum,  Bull.  148,  pp.  117,  geological 
map  and  many  illustrations,  1911. — The  geology  of  the  Pough- 
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keepsie  region,  p:reat1y  complicated  through  folding  and  thrust 
faulting,  is  describpd  in  this  bulletin.  For  many  years  Professor 
Dwight  of  Yassar  College  collected  the  fossils,  and  among  them 
the  25  to  30  species  of  nautilids  in  which  Hyatt  was  so  much 
interested,  and  of  which  almost  nothing  is  yet  known. 

The  basement  upon  which  the  sedimentaries  are  laid  is  the 
gneiss  of  Fishkill  mountains,  thought  to  belong  in  the  Grenville 
series.  Upon  this  lies  unconformably  the  Lower  Cambrian  or 
Poughqiiag  quartz!  te  with  Olenellus.  There  is  then  a  long  "  lost 
interval,"  followed  by  the  Barnegate  limestone  of  Upper  Cambrian 
age,  and  with  a  fauna  in  the  basal  beds  like  that  found  near  Sara- 
toga, New  York.  This  series  at  Rochdale  is  from  1000  to  1200 
feet  I  hick,  and  also  has  the  cephalopod  fauna  referred  to.  Another 
time  break,  and  then  follows  a  thin  limestone  with  Tetradium 
celltdoaum  indicative  of  Lowville  time,  over  which  lies  the  Tren- 
ton limestone.  The  great  mass  of  surface  exposures  is  taken  up 
by  the  "  Hudson  River  slates  "  of  the  Atlantic  province,  which 
now  override  the  above-mentioned  formations  of  the  Mississippian 
sea.  c.  s. 

15.  Brief  Notices  of  Some  Recently  Described  Minerals. — 
Neocolehanite  is  a  calcium  borate  occurring  near  Lang,  Los 
Angeles  county,  California,  described  by  A.  S.  Eakle  at  the  spring 
meeting  of  the  Geological  Society  of  America,  at  Berkeley,  Cal. 
It  is  related  to  colemanite,  but  differs  somewhat  in  its  cryslallo- 
graphic  and  optical  properties.  A  preliminary  notice  says  that 
the  deposit  consists  of  alternate  layers  of  crystallized  borate  and 
carbonaceous  shales  and  has  apparently  been  formed  by  the 
action  of  boracic  acid  on  a  lake  or  marsh  deposit  of  calc-tufa  or 
marl.  The  silicoborate  of  lime,  howlite,  occurs  with  the  neocole- 
maiiite  as  snow-white,  nodular  compact  masses  ;  it  has  been  formed 
at  the  same  time  as  the  neocolemanite  by  precipitations  from  solu- 
tions containing  soluble  silica.  The  deposit  is  remarkable  as  a 
pure  borate  deposit  unaccompanied  by  other  calcium  minerals  or 
by  sodium  salts. 

MoLENGRAAFFiTB  is  dcscHbed  by  H.  A.  Brouwer  from  the 
lujaurite  of  the  Piland  mountains,  northeast  of  Rustenburg  in  the 
Transvaal,  South  Africa.  It  occurs  in  yellowish  brown  prismatic 
forms,  having  a  perfect  cleavage  like  that  of  astrophyllite,  to 
which  it  has  some  relation  and  the  place  of  which  it  sometimes 
takes  in  the  rock.  There  are  also  numerous  pseudomorphs  of 
catapleiite  after  eucolite.  Chemically  molengraafhte  is  more  or 
less  related  to  yttrotitanite,  but  it  contains  none  of  the  rare 
earths,  while  soda  is  present  in  large  amount.  An  analysis  by 
Wijdhoek  gave  the  following  results: 

SiO,     TiO,   AUO,  FeaO,  FeO    MnO    CaO    MgO    Na,0     KaO   H,0 
28-90    27-70    3-75    095    207    272    19-00    2-38    10-30    0-60    1-00=99-87 

—  Centralblatt  fUr  Jlineralogie,  etc.,  p.  129,  1911. 

Gajite  is  a  hydrated  carbonate  of  calcium  and  magnesium 
described  by  Fr.  Tucan  from  the  Gorski-Kotar  district  in  Upper 
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Croatia.  It  occars  iu  dense  snow-white  masses  resembling  mag- 
nesite  ;  speciBc  gravity  3*6 19.    An  analysis  by  the  describer  gave: 

CO,  32-41     CaO  37-13     MgO  2376     H,0  663  =  99-92 

Although  in  composition  near  the  mixtures  that  have  been 
called  pencatite  and  predazzite,  no  evidence  of  essential  want  of 
homogeneity  of  gajite  could  be  found.  It  is  named  after  the 
Croatian  patriot,  L.  Gaj. —  Centralblattfar  Min,,  etc.,  p.  812, 1911. 

16.  BismiUh  Ocherafrom  California, — W.  T.  Schallkr  shows 
in  a  recent  paper  (J.  Am.  Chem.  Soc,  xxxiii,  162)  that  the  yellow 
bismuth  ochers  from  San  Diego  County  are  either  bismuth  hydrox- 
ide, or  bismuth  vanadate,  pucherite,  or  a  mixture  of  the  two  ; ' 
Bi,0,  was  not  found.  The  same  author  earlier  found  that  molyb- 
dic  ocher,  instead  of  having  the  assumed  composition  MoO„  was 
in  fact  a  hydrous  ferric  molybdate. 

1 7.  The  yatural  Classification  of  Iff  neons  Rocks  /  by  Whit- 
MAX  Cross.  Quar.  Jour.  Geol.  Soc,  Ixvi,  1910,  pp.  470-506. — In 
this  paper  the  author  presents  a  thoughtful  discussion  of  those 
features  of  isjneous  rocks  which  many  petrographers  consider 
essential  in  the  formation  of  a  so-called  natural  system  of  classi- 
fication, in  contrast  to  one  where  these  features  are  omitted, 
others  are  used,  and  the  result  is  termed  by  them  arbitrary,  or 
artificial. 

He  states  that  chemical  composition,  mineral  constitution  and 
texture  are  the  properties  of  rocks  generally  considered  available 
for  their  classification,  and  discusses  each  of  these  according  to 
the  different  methods  suggested  by  various  authorities.  In  a  full 
analysis  of  the  attempts  made  by  Becke  and  Harker  to  divide  the 
igneous  rocks  geographically  into  two  great  chemical  groups,  the 
Atlantic  and  Pacific,  he  points  out  the  many  discrepancies  that 
arise,  and  that,  while  the  rocks  of  the  Pacific  zone  of  North 
America  exhibit  pronounced  peculiarities,  they  are  not  those 
claimed  for  them  by  the  advocates  of  such  a  grouping.  He  also 
points  out  that  the  generalizations  made  on  this  basis  do  not  apply 
to  the  older  rocks,  which  in  many  cases  have  been  left  out  of 
account. 

Discussing  the  factors  of  magmatic  differentiation  he  takes  up 
the  dike  rock  group  of  Rosenbusch,  and  shows  that  the  magmas 
cannot  be  divided  exclusively  into  foyaitic-theralitic  and  granito- 
dioritic,  gabbro-peridotitic  series,  because  these  are  connected  by 
intermediate  magmatic  series,  such  as  the  monzonitic.  And  if 
this  is  so,  then  the  dike  rocks  cannot  always  have  the  exclusive 
associations  claimed  for  them,  and  he  cites  numerous  instances  to 
prove  that  the  associations  are  sometimes  other  than  those  claimed. 

Taking  up  the  suggestions  of  Becker,  Vogt,  and  others  that  the 
principle  of  eutectics  may  furnish  a  means  of  classification,  the 
author  points  out  that  if  we  followed  Becker's  ideas,  in  porphy- 
ries the  ground  mass  alone  would  be  used,  and  some  rocks  would 
not  be  susceptible  of  classification.  Vogt's  view  is  that  magmas 
differentiate  in  the  same  way  that  they  tend  to  crystallize,  into 
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those  which  are  eutectic  and  those  representing:  the  component  in 
excess.  When  crystallized  they  furnish  anchi  (nearly)  eutectic 
rocks  and  anchimono-mineralic  rocks.  This  is  purely  hypothesis, 
and  for  this  reason  and  because  the  rocks  which  represent  the 
entire  magma  are  not  considered,  Cross  dismisses  magmatic  classi- 
fication by  eutectics  as  fundamentally  weak  and  practically  inap- 
plicable. In  considering  the  factor  of  mineral  composition  as 
applied  to  classification,  he  concludes  that  the  distinction  between 
feldspathic  and  non-feldspathic  rocks,  which  has  been  so  sharply 
drawn  in  the  past,  is  unnatural,  and  entirely  arbitrary.  The  use 
of  texture,  in  which  correlations  of  specific  kinds  with  geologic 
modes  of  occurrence  are  made,  he  considers  to  be  based  on  long 
disproved  generalizations  made  from  limited  observations. 

He  then  takes  up  the  quantitative  system  and  replies  to  vari- 
ous criticisms  which  have  been  made  upon  it,  showing  in  many 
instances  that  these  have  been  based  on  misapprehensions.  The 
reply  is  especially  directed  to  refuting  the  strictures  of  Harker. 
In  conclusion  he  questions  whether  any  system  of  classification 
can  be  strictly  natural,  because  all  the  important  characters  of 
igneous  rocks  are  gradational.  A  logical  classification  must  be 
based  on  the  quantitative  development  of  fundamental  characters, 
and  divisions  must  be  based  on  artificial  boundaries,  since  natural 
ones  do  not  exist.  This  brings  us  logically  to  the  Quantitative 
System. 

The  reader  will  find  this  an  admirable  statement  and  a  critical 
discussion  of  present  views  regarding  the  subject  of  classification 
of  igneous  rocks.  It  should  be  carefully  read  and  considered  by 
all  petrographers.  l.  v.  p. 

III.     Botany. 

1.  A  Botanical  Survey  of  the  Galapagos  Islands;  by 
Alban  Stewart.  Proceedings  of  the  California  Academy  of 
Sciences,  Fourth  Series,  Volume  I,  pp.  9-288,  19  plates,  1911. — On 
account  of  their  isolated  position  the  Galapagos  Islands  are  of 
special  interest  to  students  of  plant  geography.  The  present 
important  contribution  to  their  flora  is  largely  based  on  the  per- 
sonal collections  and  observations  made  by  the  author  while  bot- 
anist to  the  Expedition  of  the  California  Academy  of  Sciences, 
during  the  years  1905  and  1906.  Since  the  expedition  lasted  for 
over  a  year,  a  thorough  exploration  of  the  islands  was  made  pos- 
sible. Mr.  Stewart  first  gives  a  complete  list  of  the  vascular 
plants  known  from  the  islands,  following  the  treatment  pursued 
by  Professor  B.  L.  Robinson  in  his  "  Flora  of  the  Galapagos  Isl- 
ands^' of  1902.  The  list,  which  makes  up  the  bulk  of  the  paper, 
includes  numerous  species  reported  for  the  first  time,  ten  of  which 
are  described  as  new.  He  then  discusses,  among  other  topics,  the 
botanical  regions  of  the  islands,  the  general  features  of  the  flora, 
and  the  origin  of  the  flora.  A  very  useful  bibliography  of  the  bot- 
any of  the  Galapagos  Islands,  compiled  by  Miss  M.  A.  Day,  is 
given  at  the  close  of  the  paper.  A.  w.  k. 
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2.  Blumtn  tind  Lisecten:  ihre  Anpctssungen  aneinander  imd 
ihre  gegenseitige  Ahhdngigheit ;  by  O.  von  Eibchnbb.  Pp.  vi, 
436  ;  with  two  plates  and  169  text-figures.  Leipzig  and  Berlin, 
1911  (B.  G.  Teubner). — The  remarkable  adaptations  which  exist 
between  entomophilous  flowers  and  the  insects  which  pollinate 
them  have  aroused  interest  ever  since  attention  was  first  called  to 
them  by  Sprengel  over  a  century  ago.  Professor  Kirchner's 
book  gives  a  full  and  clear  idea  of  our  present  knowledge  in  this 
field  of  biology.  Although  designed  more  especially  for  the  pub- 
lic at  large,  the  volume  is  full  of  observations  based  on  personal 
study  and  contains  much  of  value  to  the  professional  student. 
After  discussing  the  structure  of  flowers  and  of  the  parts  of 
insects  which  carry  on  pollination,  the  author  describes  in  detail 
a  large  number  of  examples  illustrating  special  adaptations.  He 
classifies  them,  using  the  system  of  H.  MuUer,  into  eight  groups. 
The  first  five  are  composed  of  flowers  which  receive  a  large  vari- 
ety of  insect  visitors;  the  last  three  of  flowers  which  are  visited 
largely  or  exclusively  by  insects  belonging  to  definite  natural 
groups,  such  as  the  Hymenoptera.  He  then  discusses  the  distri- 
bution of  these  various  groups  in  different  parts  of  the  earth,  the 
causes  of  floral  adaptations,  and  the  theories  regarding  the  origin 
of  flowers.  The  numerous  figures,  most  of  which  are  original, 
are  carefully  drawn  and  sufficiently  enlarged  to  illustrate  clearly 
the  descriptive  text.  a.  w.  k. 

3.  A  Research  on  the  Pines  of  Australia;  by  R.  T.  Bakeb 
and  H.  G.  Smith.  Pp.  xiv,  458  ;  with  300  figures  (some  of  them  in 
colors)  and  3  maps.  Sydney,  1910  (W.  A.  Gullick).  Published 
by  authority  of  the  Government  of  the  State  of  New  South 
Wales,  as  No.  16,  Technical  Education  Series. — Botanical ly 
speaking,  there  are  no  true  "pines"  native  to  Australia.  The 
present  elaborate  work,  however,  is  devoted  to  Australian  Conifers, 
which  are  often  spoken  of  as  "pines"  in  the  popular  sense. 
Eleven  genera  are  included,  the  most  important,  from  an  eco- 
nomic standpoint,  being  Callitris  (eighteen  species),  Araucaria 
(two  species),  Agathis  (two  species),  Dacrydiura  (one  species), 
and  Podocarpus  (five  species).  The  authors  discuss  the  various 
species  in  great  detail,  not  only  from  the  standpoint  of  botany 
but  also  from  the  standpoints  of  forestry  and  chemistry.  They 
also  consider  the  practical  applications  which  have  been  made  of 
the  lumber  and  other  forest  products.  Many  of  the  figures  show 
details  of  microscopic  structure ;  others  show  branches  and  cones, 
natural  size ;  while  still  others  illustrate  the  various  types  of 
coniferous  forests  found  in  Australia.  All  of  the  figures  are 
reproduced  from  photographs.  a.  w.  k. 

4.  Plant-Life  on  Landy  considered  in  some  of  its  Biological 
Aspects;  by  F.  O.  Bower.  Pp.  172;  27  text-figures.  Cam- 
bridge, 1911  (University  Press). — A  series  of  essays  on  terrestrial 
plants,  emphasizing  the  peculiarities  which  enable  such  plants  to 
maintain  their  existence  on  the  land.  a.  w.  e. 
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5.  A  Monograph  of  the  British  Lichens,  Catalogue  of  the 
Species  in  the  Department  of  Botany ^  British  Museum,  Part 
II,  by  Annie  Lourain  Smith.  Pp.  409,  69  plates.  London, 
1911. — Part  I  of  the  Monograph  of  the  British  Lichens,  by  Rev. 
James  Crombie,  was  published  a  number  of  years  ago,  but  the 
continuation  of  the  work  which  he  had  undertaken  was  inter- 
rupted by  his  illness  and  death.  Part  II  has  now  been  brought 
to  completion  by  Miss  A.  L.  Smith.  The  descriptive  text  is 
accompanied  by  fifty-nine  plates,  showing  the  details  of  structure 
of  the  different  species. 


IV.     Miscellaneous  Scientific  Intelligence. 

1.  Report  of  the  Superintendent  of  the  Coast  and  Geodetic 
Survey  y  O.  H.  Tittm  ann,  showing  the  Progress  of  the  Work  from 
July  i,  1909,  to  June  30,  1910.  Pp.  454 ;  34  maps  and  9  in 
pocket.  Washington,  1911. — The  annual  volume  of  the  Coast 
and  Geodetic  Survey  opens  with  an  account  of  the  year's  work  by 
the  Superintendent.  The  extended  domain  of  the  country,  par- 
ticularly in  the  far  East,  has  increased  very  much  the  work  to  be 
done.  It  is  noted,  for  example,  that  the  triangulation  for  the 
year  covered  some  24,000  square  miles  in  the  Philippines,  while 
the  hydrographic  work  extended  over  9,385  square  miles;  ihe 
topographic  survey  covered  1,708  square  miles,  and  extended  over 
1,037  miles  of  coast  line,  or  10  per  cent  of  the  estimated  mileage 
for  the  islands  as  a  whole. 

Among  the  Appendixes  which  accompany  the  report  is  one  by 
R.  L.  Faris  on  the  magnetic  obsi,»rvation8.  Four  magnetic 
observatories  have  been  in  continuous  operation,  namely  :  at 
Cheltenham,  Md.,  Sitka,  Honolulu,  and  on  Vieques  Island,  P.  R.; 
the  fifth  observatory  at  Baldwin,  Kansas,  was  discontinued  in 
October,  1909,  and  the  instruments  transferred  to  Tucson,  Ari- 
zona. Appendix  V  contains  the  second  part  of  the  triangulation 
in  California  by  C.  R.  Duvall  and  A.  L.  Baldwin.  This  occupies 
a  considerable  part  of  the  volume,  and  is  accompanied  by  a 
series  of  forty  charts. 

2.  Directions  for  Magnetic  Measurements ;  by  Daniel  L. 
Hazard.  Pp.  131  ;  12  tables,  10  figures.  U.  S.  Coast  and  Geo- 
detic Survey.  O.  II.  Tittmann,  Superintendent. — This  Bulletin 
is  prepared  with  the  object  of  presenting  in  suliicient  detail  for 
the  use  of  observers  the  methods  employed  by  the  Government 
in  magnetic  observations,  and  the  use  of  the  instruments  involved. 
The  Survey  has  been  developed  recently  by  the  establishment  of 
five  permanent  magnetic  observatories,  and  also  by  the  inaugura- 
tion of  magnetic  observations  on  vessels  at  sea.  The  methods 
called  for  in  these  two  classes  of  observations,  therefore,  require 
the  special  method  of  explanation  here  given. 

The  same  author  has  also  presented  in  a  quarto  publication 
of   the    Survey  (pp.  94,  23    figures)  the  results  of  observations 
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made  at  the  Magnetic  Observatory  at  Sitka^  Alaska,  in  1907  and 
1908.  Twenty-three  figures  reproduced  from  raagnetograras 
show  in  a  striking  manner  the  principal  magnetic  storms  of  the 
period  named. 

3.  Report  on  the  Pf  ogress  and  Condition  of  the  U.  S.  National 
Museum  for  the  year  ending  June  30^  1910  ;  by  Richard  Rath- 
BUK,  Assistant  Secretary  of  the  Smithsonian  Institution,  in 
charge  of  the  U.  S.  National  Museum.  Pp.  146.  Washington, 
1911.— This  interesting  volume  gives  a  vivid  picture  of  the  rapid 
growth  of  the  National  Museum  at  Washington,  the  extent  and 
wide  range  of  its  collections,  and  the  many  directions  of  its  scien- 
tiiic  activity.  Dr.  Rathbun  has  been  connected  with  it  so  long 
that  he  is  able  to  present  the  matter  in  a  very  full  and  interesting 
form.  The  completion  of  the  new  building,  and  the  rapid  trans- 
fer of  the  collections  to  it,  makes  this  a  period  of  great  import- 
ance in  the  history  of  the  Museum. 

4.  Frost  Data  of  the  United  States  ;  and  Length  of  the  Crop- 
growing  Season^  as  determined  from  the  Average  of  the  latest 
and  earliest  Dates  of  killing  Frost;  by  P.  C.  Day,  Chief  of 
Climatological  Division.  Prepared  under  the  direction  of  WiLLfe 
L.  MooBE,  Chief  of  Weather  Bureau.  Pp.  5  ;  5  charts.  XJ.  S. 
Department  of  Agriculture.  Weather  Bureau,  Bulletin  V. 
Washington,  1911. — The  Weather  Bureau  has  instituted  a  new 
service  for  the  country  in  presenting  the  five  charts  contained  in 
this  Bulletin.  These  have  been  prepared  from  data  obtained  at 
about  one  thousand  stations,  having  records,  except  for  some 
localities  in  the  West,  extending  back  from  ten  to  thirty  years. 
Furthermore,  observations  have  been  made  in  the  open  country, 
and  hence  are  not  subject  to  the  modifying  conditions  involved 
in  stations  in  the  large  cities.  The  importance  of  frost  statistics 
for  agriculture  is  obvious  at  a  glance.  The  five  charts  show 
graphically  for  the  entire  country  the  average  date  of  the  last 
kilhng  frost  in  spring  and  the  first  in  autumn  ;  the  latest  date  in 
the  spring  and  the  earliest  in  the  autumn  ;  also  the  average  length 
of  the  crop-growing  season,  reckoned  between  the  average  date 
of  the  last  spring  and  early  autumn  killing  frost. 

6.  Carnegie  Institution  of  Washington, — Recent  publications 
of  the  Carnegie  Institution  are  noted  in  the  following  list  (con- 
tinued from  vol.  xxxi,  p.  245. 

No.  128.  Guide  to  the  Materials  for  American  History  in 
Roman  and  other  Italian  Archives  ;  by  Cabl  R.  Fish.  Pp.  ix, 
289. 

No.  131.  The  Root  Habits  of  Desert  Plants  ;  by  William  A. 
Cannon.     Pp.  96;  23  plates. 

No.  134.  The  Polynesian  Wanderings  ;  Tracks  of  the  Migra- 
tion deduced  from  an  examination  of  the  Proto-Samoan  Content 
of  £fat6  and  other  Languages  of  Melanesia ;  by  William 
Churchill.    Pp.  viii,  616  ;  2  plates. 

No.  137.  Inventory  of  unpublished  Material  for  American 
Religious  Histoiy  in  Protestant  Church  Archives  and  other 
Repositories  ;  by  William  H.  Allison.     Pp.  vii,  254. 

Am.  Joub.  Sci.—Foubth  Series,  Vol.  XXXII,  No,  187.— July,  1911. 
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No.  138.  Investigation  of  the  Rotation  Period  of  the  San  by 
Spectroscopic  Methods ;  by  Walteb  S.  Adams  assisted  by 
Jbnnib  B.  Lasby.     Pp.  iii,  132  ;  37  tables,  5  figures. 

No.  142.  The  Maturation  of  the  Egg  of  the  Mouse;  by  J.  A. 
Long  and  E.  L.  Mark.     Pp.  iv,  72  ;  6  plates. 

No.  143.  Experiments  with  Drosophila  Ampelophila  concern- 
ing Evolution;  by  Fbank  E.  Lutz.     Pp.  40  ;  37  tables,  53  figures. 

No.  144.  On  Grerminal  Transplantation  in  Vertebrates  ;  by  W. 
E,  Castle  and  John  C.  Phillips.     Pp.  26  ;  2  plates. 

6.  National  Academy  of  Sciences, — During  his  recent  visit  to 
Washington  at  the  time  of  the  annual  meeting  of  the  National 
Academy  of  Sciences,  Sir  John  Murray  presented  a  fund  of  six 
thousand  dollars  to  the  Academy  for  the  purpose  of  founding  an 
Alexander  Agassiz  gold  medal,  which  shall  be  awarded  to  scien- 
tific men  in  any  part  of  the  world  for  original  contributions  to 
the  science  of  Oceanography. 

7.  Handbook  of  American  Jndiafi  Langttoges  ;  by  Franz  Boas. 
Part  I.  Bulletin  40  of  the  Bureau  of  American  Ethnology,  Smith- 
sonian Institution.  Pp.  vii,  1069.  Washington,  loll. — The 
work  early  begun  by  Major  J.  W.  Powell  in  his  Introduction  to 
the  Study  of  Indian  Languages  has  led  to  the  Handbook  of  which 
the  first  volume  is  now  issued.  The  material  for  it  has  been 
accumulated  during  the  period  from  1897-1908.  A  general  intro- 
duction is  given  by  Dr.  Boas,  followed  by  ten  chapters  by  him- 
self and  other  authors  on  special  languages. 

8.  The  Nature  of  Enzyme  Action  ;  by  W.  M.  Bayliss,  D.Sc, 
F.RS.  Second  edition.  Pp.  137.  London  and  New  York,  1911 
(Longmans,  Green  &  Co.). — In  view  of  the  large  amount  of  work 
on  enzymes  published  since  the  appearance  of  the  first  edition  of 
this  monograph  (which  was  reviewed  in  1909),  the  references  in 
the  bibliography  of  the  new  edition  have  greatly  increased  in 
number.  Aside  from  occasional  verbal  changes,  the  only  other 
essential  additions  consist  in  the  introduction  of  chapter  headings. 
As  heretofore,  the  author's  critique  and  judgment  are  commend- 
able. L.  B.  M. 

9.  £}tnde  de  IJAtmosph^re  Marine  par  Sondages  Aeriens 
Atlantique  Moyen  et  Region  Intertropicale  ;  par  L.  Teisskrenc 
DB  BoRT  et  Lawrence  Rotch.  Pp.  241,  4to  ;  17  plates,  36  text- 
figures,  Paris,  1909  (Gauthier-Villars). — This  publication  appears 
from  the  Observatoire  de  Meteorologie  dynamique  de  Trappes^ 
working  in  collaboration  with  the  Blue  Hill  Observatory  in  this 
country.  It  gives  the  results  of  a  study  of  the  ocean  atmosphere 
by  means  of  balloons  and  kites.  The  observations  were  made 
from  the  vessel  Otaria^  specially  equipped  for  the  purpose,  in 
voyages  extending  from  the  Azores  to  Ascension  Island  in  the 
South  Atlantic.  Twenty-four  ascensions  were  made  with  captive 
balloons,  and  forty-six  with  self -registering  kites.  In  addition, 
ascensions  were  made  for  a  brief  period  from  the  Romanic 
between  Boston  and  Gibraltar,  and  from  the  peaks  of  Fogo  and 
Teneriffe.     An  interesting  account  of  the  Otaria  and  the  observa- 
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lions  made  from  it,  with  nnmerous  illustrations,  is  given  by  H. 
Maurice.  Some  of  the  results  have  already  been  published  in 
this  country  (see  vol.  xxiii,  398),  but  it  may  be  worth  while  to 
quote  here  the  resume  given  by  H.  H.  Clayton. 

(1)  The  observations  show,  in  the  zone  of  the  trade  winds,  a 
rapid  diminution  of  temperature  with  adiabatic  gradient  from 
the  sea-level  to  a  height  of  some  hundreds  of  meters. 

(2)  A  layer,  some  hundreds  of  meters  in  thickness,  where  the 
temperature  increases  with  the  height ;  this  commences  with  an 
altitude  vaiying  from  400  to  1600  meters. 

(3)  A  lowering  of  the  layer  of  inverse  gradient  from  latitude 
40°  to  latitude  20°,  or  even  farther  south,  suggesting  a  descend- 
ing movement  of  the  air  from  40°  towards  the  equator  above  the 
inverse  gradient. 

(4)  A  maximum  of  temperature  near  the  surface  between  lati- 
tudes 5°  and  10°  N.  in  summer,  and  a  second  maximum  much 
farther  north  at  a  height  of  about  one  thousand  meters. 

(5)  Finally,  a  progressive  movement  towards  the  north  of  the 
maximum  of  the  upfier  atmosphere  from  about  15°  N.  in  May  to 
30°  N.  of  the  area  of  the  high  pressures  of  the  Atlantic  during  the 
same  period. 

10.  Science  Progress  in  the  Twentieth  Century,  Vol.  V,  No. 
19,  January,  1911.  Editors:  H.  E.  Armstrong,  J.  Brbtland 
Farmer,  W.  G.  Freeman.  Pp.  iv,  345-628.  London,  1911 
(John  Murray). — ^This  quarterly  presents  in  each  issue  some  eight 
or  ten  articles  dealing  with  the  prominent  scientific  problems  of 
the  times.  The  names  of  the  editors  and  the  members  of  the 
advisory  committee  are  sufficient  guarantee  for  the  excellence  of 
the  work.  A  journal  of  this  character  is  of  much  value  in 
presenting  subjects  of  the  first  importance  in  a  form  at  once 
interesting  and  attractive  to  the  general  public. 

11.  Science  from  an  Edsy  Chair;  by  Sir  Ray  Lankestkr. 
Pp.  xiii,  423  ;  2  plates,  82  text  figures.  New  York,  1911  (The 
Macmillan  Company). — The  papers,  forty-three  in  number,  which 
make  up  this  volume  have  been  collected  from  the  Daily  Tele- 
graphy in  which  they  appeared  during  the  years  1908  and  1909. 
The  subjects  with  which  they  deal  are  so  varied  in  character,  and 
of  such  general  interest,  that  the  delightful  presentation  of  them 
here  is  a  service  to  the  public  which  cannot  fail  to  be  appreciated. 
We  pass  from  the  Darwinian  theory  to  a  discussion  of  dragons, 
imaginary  and  real,  from  tadpoles  and  frogs  to  comets  and  the 
men  of  the  Neandertal.  In  other  words,  the  subjects  of  the 
successive  chapters  are  most  varied,  but  all  are  of  interest  and 
numerous  illustrations  add  to  the  value  of  the  volume.  The  title- 
page  is  an  admirable  reproduction,  from  original  water-color 
drawings,  of  the  head  of  immature  and  mature  specimens  of  the 
common  eel,  natural  size.  Other  volumes  of  this  series  are 
planned. 

12.  Die  Konstitutiori  der  Protistenkerne  und  ihre  Bedeutung 
fUr  die  ZeUenlehre ;  by  Prof.  Dr.  Max  Hartmann,  Privatdozent 
in  Zoology,  University  of  Berlin.     Pp.  vi,  54  ;  13  text  figures. 
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Jena,  1911  (Gustav  Fischer). — Cytologists  have  hoped  that  the 
study  of  the  nuclei  of  unicellular  animals  and  plants  would  throw 
light  on  the  complex  morphology  of  the  nuclear  apparatus  of 
higher  forms,  and  on  cell  problems  in  general.  In  this  they  have 
not  been  disappointed,  though  continued  research  has  shown 
that  the  structure  of  the  cell  of  the  lower  organisms  is  far  more 
specialized  and  complicated  than  was  anticipated,  and  thus  it 
offers  an  immense  problem  in  itself.  Professor  Hartmann  in  this 
paper  makes  a  critical  analysis  of  some  of  the  chief  types  of  nu- 
clear phenomena  of  the  protista  in  an  endeavor  to  derive  some 
general  principles  from  tho  mass  of  recently  accumulated  data. 
The  result  is  suggestive,  especially  to  one  who  has  followed  the 
recent  advances  in  protisten  cytology.  l.  l.  w. 

13.  Elements  of  Descriptive  Geometry ;  by  Ai^ert  E.  Chubch 
and  Georqe  M.  Babtlbtt.  Pp.  286  with  143  figures.  New 
York  (American  Book  Company).  —  A  modern  treatment  of 
descriptive  geometry,  with  applications  to  spherical  projections,  * 
shades  and  shadows,  perspective,  and  isometric  projections,  for 
the  use  of  technical  schools  and  colleges.  It  is  a  thorough  revision 
of  Professor  Church's  book  which  has  been  long  in  use.  The 
figures  and  text  are  included  in  the  same  volume,  each  figure 
being  placed  beside  the  corresponding  text.  In  the  treatment  of 
curved  surfaces,  all  problems  relating  to  single  curved  surfaces 
are  taken  up  first,  then  those  of  warped  surfaces,  and  lastly  those 
of  surfaces  of  revolution.  Thus  the  procedure  is  from  the  simple 
to  the  complex.    An  abundance  of  practical  exercises  is  provided. 

w.  B. 

14.  Power ;  hy  C.  E.  Lucre.  Pp.  316;  223  figures.  New 
York,  1911  (The  Columbia  University  Press). — This  book  is  com- 
posed of  eight  popular  lectures  which  emphasize  the  importance, 
in  the  organization  of  society,  of  the  substitution  of  mechanical 
power  for  hand  and  animal  labor.  It  is  liberally  illustrated  by 
cuts  of  machinery  and  plants  for  the  conversion  of  natural  energy 
in  any  of  its  available  forms  into  useful  work,  and  in  an  interest- 
ing manner  discusses  the  physical  principles  involved,    d.  a.  k. 

Obituabt. 

Professor  Nevil  Stoby  -  Maskelyne,  the  veteran  English 
mineralogist  professor  at  Oxford  from  1856  to  1896  and  long  in 
charge  of  the  mineral  collection  of  the  British  Museum,  died  on 
May  20  at  the  age  of  87  years. 

Dr.  A.  E.  Tobnebohm,  the  well-known  Swedish  geologist,  died 
early  in  June  at  the  age  of  12  years. 

Professor  C.  G.  Peingle,  curator  of  the  Herbarium  at  the 
University  of  Vermont,  died  at  Burlington  on  May  26  at  the  age 
of  73  years. 

William  R.  Dudley,  Professor  of  Botany  at  Stanford  Uni- 
versity, died  on  June  4  at  the  age  of  64  years. 

Mrs.  WiLLiAMiNA  Paton  Flebjing,  curator  of  astronomical 
photographs  at  the  Harvard  College  Observatory,  and  discoverer 
of  many  new  stars  and  nebulae,  died  on  May  21  at  the  age  of 
64  years. 
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WHAT  THEY  ARE  AND  HOW  THL  E. 

I  have  just  secured  a  small  number  of  sets  of  Synt.  ns  of  Corundum. 

Each  set  comprises  a  series  of  cut  and  rough  mate}  samples  of  the 

raw  chemical  products  from  which  they  are  made. 

The  set  consists  of  fifteen  specimens  of  the  ro  ^n 

specimens  of  cut  gems  in  the  following  colors :  wh'  ^  ^    ,  olue 

and  pigeon  blood.     Each  specimen  of  the  rough  mat  ^as  a  gem  of  the 

same  color.  The  average  total  weight  of  the  raw  mat'  •-■''"'  *  j  237'  carats, 
which  usually  is  sold  at  25   cents  per  carat.     The  a»  *  *'l  weight 

of  the  cut  gems  is  27  carats,  usually  sold  at  $1.00  per  can  .  ne  total  value 
without  box  and  chemicals  is  about  $166.00. 

I  was  fortunate  enough  to  secure  a  small  number  of  these  wS  at  a  remark- 
able low  figure  and  can  therefore  supply  museams,  professors  and  collectors 
with  same  for  $75.00  less  10  per  cent,  for  the  months  A  August  and 
September.  Send  for  a  copy  of  my  five  page  leaflet  describing  the  manu- 
facture of  these  interesting  gems. 

The  display  box  is  9}^x73^  inches,  plush  lined,  properly  labelled.  No 
complete  scientific  poUection  should  be  without  this  series.  I  will  be  pleased 
to  send  a  set  on  approval  to  anyone  on  request. 

AN  UNUSUAL  OPPORTLNITY. 

Having  greatly  enlarged  my  stock  of  California  tourmalines,  kunzites,  pink 
beryls;  hiddenite,  ruby  corundum  and  rntile  xls.  from  North  Carolina,  also 
green  gem  tourmaline  crystals  from  Haddam  Neck,  Connecticut,  I  shall 
make  special  reductions  for  the  months  of  August  and  September  on  these 
celebrated  gem  minerals.  I  have  materially  reduced  the  prices  on  these 
gem  minerals,  which  will  place  them  within  the  reach  of  all.  This  is 
the  opportunity  for  collectors  to  get  a  fine  series  for  their  collections. 

I  will  gladly  send  on  approval  an  assortment  fur  inspection  upon  request 
by  express  prepaid. 

IMPORTANT  NOTICE. 

It  has  been  usual  for  the  past  seven  years  to  offer  special  inducements  to 
Wait  us  during  the  Summer  months.  In  order  to  do  this  with  little  expense* 
to  yourself,  we  offer  you  a  10  per  cent,  discount  on  rare  and  polished 
minerals  and  cut  gems,  and  20  per  cent,  on  ordinary  mineral  specimens. 
This  enables  you  to  pay  your  traveling  expenses  with  the  discoimt  on  your 
bill.  If  you  are  unable  to  visit  us  and  see  our  wonderful  display,  write  us 
what  you  are  interested  in,  and  we  will  send  you  a  box  on  approval.  We 
prefer  to  be  busy,  even  if  we  have  to  divide  our  profit  with  you.  Do  not 
delay,  but  write  or  call  on  us  at  once.  This  offer  is  only  good  for  the  months 
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Abt.  IX. — An  Eayperimental  Investigation  on  the  Refleo- 
tionof  Light  at  tlertain  Metal-Liquid  Surfaces  ;  bv  Lyndb 
P.  TVheeleb,  Assistant  Professor  of  Physics,  SheflSeld  Scien- 
titic  School  of  Tale  University. 

Introduction. 

When  light  is  incident  on  a  transparent  substance  at  an  angle 
whose  tangent  has  the  numerical  value  of  the  index  of  refrac- 
tion of  the  material,  theory,  as  embodied  in  the  Fresnel  equa- 
tions, demands  that  the  reflected  light  should  be  plane  polar- 
ized in  the  plane  of  incidence.  Experience  teaches,  however, 
that  but  for  a  very  few  substances,  solid  or  liquid,  is  this 
true.  Most  substances  show  at  this  angle  an  elliptic  polariza- 
tion of  small  ellipticity.  This  ellipticity  (defined  as  the  ratio 
of  the  amplitudes  of  the  components  of  the  vibration  parallel 
and  perpendicular  to  the  plane  of  incidence)  is  found  to  be 
sometimes  positive  and  sometimes  negative.  (Positive  elliptic- 
ity corresponds  to  a  counter-clockwise  description  of  the  ellipse 
when  viewed  from  the  side  of  the  incident  light.) 

That  this  well-nigh  universal  though  small  discrepancy 
between  theory  and  experiment  cannot  oe  entirely  assigned  to 
contamination  of  the  reflecting  surface  seems  to  have  been 
definitely  settled  by  the  experiments  of  Lord  Rayleigh  on 
very  clean  water  surfaces.*  He  found  that  as  the  surface  was 
made  progressively  cleaner,  the  negative  ellipticity  previously 
observed  became  numerically  smaller,  passed  through  a  zero 
value,  and  for  the  cleanest  surfaces  obtamable,  assumed  a  very 
small  positive  value.  On  the  other  hand,  Drude,  working  with 
the  fresh  cleavage  surfaces  of  transparent  crystals  where  the 
chance  of  surface  contamination  is  very  remote,  found  that 
within  the  limits  of  error  of  observation  the  ellipticity  van- 

•Phil.  Mag.  (5),  xxxiii,  p.  1,  1892. 
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ished.*  It  would  thus  seem  to  be  established  that  the  theory 
stands  in  need  of  correction  in  the  case  of  reflection  from 
liauids,  wliile  remaining  entirely  competent  in  the  case  of 
solids. 

Now  the  boundary  conditions  from  which  the  equations  of 
Fresnel  are  deduced  assume  an  abrupt,  discontinuous  change  in 
physical  properties  as  one  passes  through  the  surface  separating 
the  two  media.  As  such  physical  discontinuity  is,  a  priori,  highly 
improbable,  it  is  natural  to  seek  the  source  of  the  observed  dis- 
crepancies in  a  thin  transition  layer  where  the  two  media  inter- 
penetrate, and  the  physical  properties  change  continuously 
though  rapidly  between  the  consfamt  values  they  possess  beyond 
the  hmits  of  the  layer  on  either  side.  On  this  hypothesis  it  is 
natural  to  expect  a  thinner  transition  layer  and  nence  a  closer 
approximation  to  the  conditions  of  a  discontinuous  change  in 
the  case  of  solids  than  of  liquids.  Thus  admitting  that  such 
layers  must  exist  in  all  cases,  we  must  conclude  from  the 
experiments  mentioned  that  it  is  only  in  the  case  of  liquids 
that  they  attain  a  sufficient  thickness  to  be  appreciable. 

But  while  the  existence  of  the  transition  layer  seems  a  fairly 
certain  inference  from  the  phenomena  of  reflection,  it  is  equally 
certain  that  the  greater  part  of  the  divergences  of  experiment 
from  the  predictions  of  theory  are  to  be  ascribed  to  films  of 
surface  contamination  due  to  dirt  or  polisher.  Such  films  may 
be  exceedingly  thin — of  the  same  order  of  magnitude  in  fact 
as  the  transition  layer.  In  anv  given  case  both  the  layer  and 
the  film  may  be  present  and  the  observed  ellipticity  be  due  to 
their  combined  action.  The  principal  difference  in  the  effect 
produced  by  these  two  causes  would  be  due  to  the  fact  that  in 
the  case  of  the  transition  layer  its  index  of  refraction  must 
vary  between  those  of  the  two  media ;  while  in  the  case  of  the 
film  of  surface  contamination  its  index  should  be  approxi- 
mately constant  and  its  value  might  be  greater  or  less  than  or 
intermediate  between  those  of  the  two  media. 

Mathematically  the  effects  to  be  expected  from  either  the 
transition  layer  or  the  film  can  be  thrown  into  identical  form, 
the  only  difference  in  the  two  cases  being  that  imposed  on  the 
interpretation  of  the  results  by  the  possible  values  of  the  index 
of  refraction,  as  indicated  above.  The  mathematical  theory  of 
such  layers  or  films  has  been  worked  out  in  great  detail  by 
Drude,t  who  has  shown  that  on  the  assumption  that  the  thick- 
ness of  the  film  is   small  compared  with  the   wave  length 

*  Wied.  Ann.,  xxxvi,  p.  532,  1889. 

t  Wied.  Ann.,  xxxvi,  p.  865,  1889.  A  brief  development  of  the  theory  of 
the  transition  layer  is  given  in  the  Theory  of  Optics^  by  Dmde,  translated  by 
Mann  and  Mimican,  1902,  p.  287.  Also  in  the  Physical  Optics,  by  Wood, 
1905,  p.  296 ;  and  in  Winklemann,  Handbuch  der  Physik,  2d  Auf .  7,  1906, 
vol.  vi,  p.  1256. 
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of  the  light  employed,  its  effect  can  be  expressed  as  a  correc- 
tion term  to  the  ordinary  Fresnel  equations.  The  form  of  this 
correction  terra  shows  that  when  the  reflection  takes  place  from 
the  surface  of  a  substance  of  greater  index  than  that  in  which 
the  light  is  incident,  we  shoula  expect  a  positive  ellipticity  at 
the  polarizing  angle  for  any  film  which  has  an  index  lying 
between  those  of  the  two  media,  and  a  negative  ellipticity  for 
a  film  with  a  greater  index  than  that  of  either  medium.  Thus 
a  real  transition  layer  can  theoretically  produce  only  a  positive 
ellipticity ;  while  a  negative  ellipticity  must  always  be  attribu- 
ted to  films  of  surface  contamination  with  indices  greater  than 
that  of  the  reflecting  substance.  Of  course  ail  of  an  observed 
positive  ellipticity  may  not  be  due  to  a  transition  layer,  for  the 
matter  contaminating  the  surface  may  iiave  an  index  intermedi- 
ate between  those  of  the  two  media ;  but  a  native  ellipticity 
is  theoretically  a  certain  criterion  of  a  film  of  contamination. 
Lord  Eayleign's  experiments  mentioned  above  are  thus  in  strik- 
ing accord  with  the  theory. 

The  same  general  considerations  hold  in  the  case  of  the 
reflection  from  metals.  Here,  however,  since  metals  naturally 
produce  an  elliptic  (or  a  circular)  polarization  at  all  angles  of 
incidence,  the  effect  of  the  transition  layer,  or  film  of  con- 
tamination will  be  to  change  the  ellipticity  and  the  phase  differ-  • 
ence  of  the  two  components  of  the  vibration  from  the  values 
they  would  have  if  the  film  were  not  present.  The  theory, 
based  on  the  same  assumption  as  in  the  case  of  the  reflection 
from  transparent  substances,*  shows  that,  providing  the  index 
of  refraction  of  the  film  or  layer  is  greater  than  unity,  the  ellip- 
ticity should  be  slightly  increasea  and  the  phase  difference 
markedly  decreased  by  the  presence  of  such  a  film  or  layer. 
Expressed  in  terms  of  the  principal  incidence  and  azimuth 
instead  of  the  phaJse  difference  and  ellipticity,  the  theory  pre- 
dicts that  the  effect  of  the  film  should  be  to  decrease  the  prin- 
cipal incidence  markedly  and  to  increase  the  principal  azimuth 
but  a  very  little.  Unlike  the  result  for  the  reflection  from 
transparent  substances  the  sign  of  the  effect  is  independent  of 
the  magnitude  of  the  index  of  refraction  of  the  reflecting 
medium  unless  that  should  be  less  than  unity. 

We  have  here  then  no  such  criterion  as  before  to  enable  us 
to  distinguish  between  films  of  surface  contamination  and  a 
real  transition  layer.  A  possible  exception  to  this  statement  is 
the  case  of  those  metals  which  have  an  index  of  refraction  less 
than  unity.  That  some  metals,  notably  gold,  silver,  and  cop- 
per, do  possess  such  small  values  of  the  index  seems  certain, 
since  the  same  result  is  yielded  by  the  reflection  and  the  direct 
transmission   methods.     With   these   substances  it  might  be 

*Wied.  Ann.,  xxxvi,  p.  866, 1889. 

Digitized  by  LjOOQIC 


88     Wheeler — Experimental  Investigation  on  the  Reflection 

expected  that  the  transition  layer  would  have  an  index  less 
than  nnitv  and  that  consequently  according  to  the  theory  the 
phase  difference  would  be  increased  and  the  ellipticity  decreased 
over  the  values  they  would  have  if  no  such  layer  were  present. 
However,  from  general  considerations  as  to  the  degree  to  which 
it  would  be  possible  for  the  two  media  to  interpenetrate  and 
produce  a  transition  layer,  it  would  seem  unlikely  that  we 
could  obtain  any  evidence  as  to  its  existence ;  exactly  as  any 
such  evidence  fails  in  the  case  of  reflection  from  transparent 
solids.  And  in  confirmation  of  this  expectation  it  is  found 
that  for  all  metals,  increasing  the  cleanliness  of  the  surface 
shows  uniformly  an  increase  of  the  phase  difference  and  a 
decrease  of  the  ellipticity ;  there  is  never  any  indication  of  any 
reversal  of  the  sign  of  the  effect.  So  that  it  is  fair  to  assume 
that  when  perfect  cleanliness  has  been  attained,  the  correct 
values  of  the  phase  difference  and  the  ellipticity  are  yielded  by 
experiment,  the  effect  of  the  transition  layer  being  negligible. 
Further  light  on  the  question  of  the  transition  layer  is 
afforded  by  experiments  on  the  reflection  from  metal  mirrors 
immersed  in  transparent  liquids.  Here  the  uncorrected  theory 
leads  to  an  expression  for  the  index  of  refraction  of  the 
liquid  {n')  in  terms  of  the  observed  phase  differences  and 
ellipticities  in  air  and  in  the  liquid  respectively.*  An  examina- 
tion of  the  recorded  observations  of  this  nature  shows,  how- 
ever, very  considerable  discrepancies  between  the  values  so  cal- 
culated and  those  given  by  the  direct  refraction  methods  (n„). 
In  the  following  table  are  given  the  values  of  w'  and  n^  as  cal- 
culated from  the  experimental  results.  It  includes  all  of  the 
observations  on  record.f 

n'  n«  Observer 

Gold  in  water 1-30  1-33  Conroy 

"      "    CS, 1-64  1-64  « 

Silver  in  water 1'25  1'34  Quincke 

''       "        «     1-26  1-33  Conroy 

«       «        «*     1-43  1-34  Sissingh 

"       "turpentine 1*44  1-47  Quincke 

"       "  CCl, 1-35  1-46  Conroy 

Copper  in  water 1*33  1*33  Drude 

«       "alcohol 1-32  l-3'7  « 

"       "  cassia  oil 1-60  1-61  " 

«       "  CS, 1-52  1-63  " 

Mercury  in  water 1*24  1*33  Des  Coudres 

"         "   alcohol 1-28  1-36  " 

•  See  below,  nnder  heading,  "  Theory." 

f  The  vaJues  are  taken  from  a  paper  by  Dmde,  Wied.  Ann.,  zxxix,  p.  539, 
1891.  The  oalcnlations  have  been  verified  except  in  the  case  of  the  experi- 
ments of  Sissingh  and  Des  Condres,  to  whose  original  papers  I  have  not  had 
aoce&s. 
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n'  no  Observer 

Mercury  in  HCl  (dilute) 1-44  1-39  Des  Coudres 

"         "       «      (cone.) 1-30  1-39  « 

"         "   Na,S,0,  (cone.) 1-82  1-42  " 

"         "          "        (sup.  sat.).-  1-28  1-43  " 

•*         "petroleum 1-38  1-44  « 

"         "chloroform 1-37  1-44  " 

«        "oliveoil 1-4Y  1-47  " 

"        "  turpentine 1*25  1-47  " 

"         "           "           1-32  1-47  " 

*'         "   CS, 1-59  1-63  " 

"         "      «   1-48  1-63  « 

Now  it  is  impossible  to  ascribe  these  discrepancies  in  every 
case  to  films  of  snrface  contamination  ;  for  they  occur  for  those 
metals  (notably  copper  and  mercury)  for  whicn  entirely  satis- 
factory results  in  air  have  been  obtained,  and  under  circum- 
stances apparently  precluding  the  formation  of  any  chemical 
film.  Hence,  as  we  have  seen  that  it  is  highly  probable  that 
a  perfectly  clean  metal  possesses  no  appreciable  transition  layer 
when  in  contact  with  air,  it  is  only  possible  to  ascribe  these 
discrepancies  to  a  transition  layer  due  to  the  liquid.  Now  an 
inspection  of  the  above  table  shows  that  the  index  calculated 
from  the  reflection  from  the  metal  is,  in  all  but  four  cases,  less 
than  that  deduced  by  the  direct  refraction  methods.  On  the 
theory  as  developed  by  Drude,*  this  result  must  be  interpreted 
as  due  to  a  film  or  layer  having  an  index  less  than  that  of  the 
liquid.  This  suggests  that  the  effect  is  due  to  a  film  of  air  or 
other  gas  caught  between  the  liquid  and  the  mirror,  since  the 
transition  layer  of  a  liquid-air  surface  would  have  an  index  less 
than  that  of  the  liquid.  It  is,  moreover,  natural  to  expect  the 
presence  of  such  films  due  either  to  entrainment  in  the  act  of 
immersion  or  to  dissolved  gas  in  the  liquid,  more  probably  the 
former. 

On  the  other  hand,  if  it  is  assumed  that  no  such  gaseous 
film  is  present,  the  observed  discrepancies  must  be  attributed 
to  a  transition  layer  due  to  the  liquid.  In  view  of  the  fact  that 
the  effects  of  the  transition  layer  in  the  case  of  transparent 
solids  in  air  are  inappreciable,  it  would  seem  that  the  layer  in 
question  here  cannot  be  a  region  of  interpenetration  of  the 
metal  and  the  liquid.  Consequently  we  must  conclude  (if  we 
reject  the  possibility  of  the  gaseous  film)  that  the  observed  dis- 
crepancies are  due  to  a  layer  at  the  surface  of  the  liquid  which 
is  independent  of  the  medium  with  which  it  may  be  in  con- 
tact and  which  has  optical  properties  different  from  those  in 
the  interior.  According  to  the  theory,  the  index  of  such  a 
layer  will  be  less  than  that  of  the  interior  if  n^  is  less  than  n^ ; 

*Wied.    Ann.,   xzxix,   p.   539,    1891.     See  also,  below,   under  heading, 
"Theory." 
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while  its  index  ghonld  be  greater  when  n'  is  greater  than  n^. 
Such  effects  might  possibly  be  expected  as  a  result  of  surface 
tension. 

There  are  thus  two  possible  explanations  of  the  observed  dis- 
crepancies. It  would  seem  wortti  while,  therefore,  to  attempt 
to  eliminate  the  possibility  of  gaseous  films  between  the  mirror 
and  the  liquid.  The  desirability  of  doing  this  has  been 
pointed  out  by  Drude,*  but  so  far  as  I  can  ascertain,  it  has  not 
up  to  the  present  time  been  attempted.  Drnde  has  expressed 
the  opinion  that  there  would  still  remain  evidence  of  a  transi- 
tion layer  when  such  gaseous  films  have  been  removed.f  But 
this  opinion  is  supported  by  no  evidence  which  cannot  be 
interpreted,  as  we  have  seen,  in  another  manner.  Hence  I 
have  attempted,  in  the  investigation  reported  in  this  paper,  to 
see  if  any  residual  effect  of  a  transition  layer  remains,  when 
the  possibility  of  the  presence  of  a  gaseous  film  between  the 
mirror  and  the  liquid  is  reduced  to  a  minimum. 

Theory. 

The  theory  of  metallic  reflection  in  transparent  liquids  is 
not  developed  in  any  of  the  ordinary  works  of  reference, 
though  it  is,  of  course,  accessible  in  the  original  memoirs.  So 
it  may  not  be  out  of  place  to  give  a  brief  resume  of  the  theory 
here.     We  start  with  the  equation 

1  +  is^e^^      sin  4>  sin  v 

^^!--^  =  —   -X  (1) 

1  —  tg  ve*  ^      cos  </>  cos  X 

where  -^  is  the  azimuth  of  the  restored  polarization  (the  angle 
whose  tangent  gives  the  ratio  of  the  amplitudes  of  the  two 
components  of  the  reflected  vibration  when  the  incident  vibra- 
tion is  polarized  in  a  plane  making  an  angle  of  45°  with  the 
plane  of  incidence;  tg-^  is  what  we  have  called  the  "ellip- 
ticity"  in  the  introduction) ;  e  is  the  Naperian  base;  i  =  v'^I, 
<^  and  X  ^re  the  angles  of  incidence  and  refraction  respectively ; 
while  A  is  the  phase  difference  between  the  two  components 
of  the  reflected  vibration. 

In  the  case  of  the  reflection  in  a  vacuum  (or  air)  we  have 
the  relation 

sin<^  ,^ 

^-    =  VK,  (2) 

sm  X       ^ 

where  K  is  the  dielectric  constant  of  the  reflecting  medium. 

*Wied.  Ann.,  zzxix,  p.  545,  1891.  Also.  Winklemaun,  Handbnch  der 
Physik,  2**  Aufl.,  1906.  vol.  vi,  p.  1308. 

t  Winklemann,  loc.  cit. 

X  The  derivation  of  this  equation  may  be  foand  in  any  standard  text  on 
Optics ;  e.  g.,  those  of  Drude,  Schuster,  Wood. 
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In  the  case  of  a  metal  this  most  be  supposed  complex  and  the 
real  part  of  v'K  is  the  ludex  of  refraction.  If  we  substitute  for  x 
in  (1)  from  (2),  replace  the  exponential  by  its  equivalent  trigo- 
nometrical expression,  and  rationalize  the  denominator  of  tne 
left-hand  side  of  (1),  we  obtain 

cos  2^  (1  4  i  sin  A  tg  2^)       sin  </>  tg  </> 
1  —  cos  A  siu  2i/r         ""  VK--8m>~ 

This  may  be  simplified  by  making  the  following  substitutions: 
sin  A  tg  2^  =  tg  Q  ;  cos  A  sin  2^  =  cos  P ; 

cos  2i^  =  cos  Q  sin  P ;  S  =  tg  —  sin  ff>  tg<^; 


which  yield 


e'Q  =     ,  .  (4) 

V  K  -  sin'  <^  ^  ^ 


In  the  case  of  the  reflection  in  a  transparent  medium  of 
index  of  refraction  n^^  we  have  in  place  of  (2)  the  relation 

sin  <^  .-^-_ 

w.  -7--  =  V  K  . 

Substituting  from  this  in  (1)  and  performing  the  same  opera- 
tions and  making  the  same  substitutions  as  before;  we  get 

«'Q»  =  —===.  (6) 

V  K  —  w^'  sin"  </> 

Dividing  (4)  by  (5)  and  substituting  for  the  radical  in  the 
denominator  its  value  from  (4)  we  get 

Using  in  this  the  value  of  K  from  (4), 


^  =  ^li  +  «>«'  *^ 


we  obtain 


,  Google 
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Expanding;  the  radical  and  retaining  no  terms  higher  than 
the  second  in  -q-  ,*  and  substituting 

a=-i?i^(n.'-l)co8  2Q     (6); 

«  =  i'-^  («.'-!)  8in2Q;     (7) 

we  have,  on  equating  the  real  and  imaginary  parts  of  each 
side,  approximately,* 

«.  =  4-(i+8)    (8);    Q-Q.=  -«.    (») 

Thus  from  the  observed  values  of  A  and  2-^  we  can  calcu- 
late, by  means  of  equations  (3)  and  (6)  the  right-hand  side 
of  equation  (8).  Calling  the  value  so  calculated /i',  we  have, 
Tto  =  n^\  or,  the  index  of  refraction  of  the  liquid  calculated 
by  refraction  methods  should  be  the  same  as  that  deduced  from 
the  change  of  phase  and  the  ellipticity  produced  by  the  metal. 

If  there  are  transition  layers  or  films  of  surface  contamina- 
tion present,  their  effect  may  be  expressed  as  a  correction  term 
to  equation  (5)  as  follows : 

If  we  assume  that  there  is  but  one  transition  layer,  that 
between  the  liquid  and  the  gas  film,  the  value  of  A  will  be 
given  by 

0 

where  X  is  the  wave  length  of  the  light  employed,  L  the 
thickness,  and  w^,  the  index  of  the  layer.  Of  course  a  similar 
correction  term  to  equation  (4)  can  be  written  down,  but  under 
the  assumption  that  a  metal  in  air  possesses  no  appreciable 
transition  layer,  that  may  be  omitted. 

*  These  approximations  are  justified  by  the  magnitudes  of  S  and  Q  as 
found  from  experiment. 

f  Since  the  results  of  the  experiments  I  have  to  report  in  this  paper  s«em 
to  show  that  A=0  (for  the  liquids  used,  at  least),  it  seems  scarcely  worth 
while  in  this  place  to  devote  the  very  considerable  amount  of  space  which 
would  be  required,  to  the  derivation  of  equations  (10)  and  (11).  The  deriva- 
tion is  given  in  full  in  the  papers  of  Drnde  in  Wied.  Ann.  already  cited. 
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ProceediDg  now  as  before,  we  obtain  the  equation 


^^^,i(Q-Qo)  =  y  l-^(n;-l)e«Q(l  +  iVK~ A), 

Substituting  in  the  correction  term  the  approximate  vahie  of 
\/  K  from  (4)  we  have  on  expanding  and  making  the  substi- 
tutions (6)  and  (7), 

n.  =  ^(l+S  +  AS8inQ)     (12) ;  Q-Q,  = -c  +  AScos  Q.     (13) 

If  we  set  as  before,  n/  =  S/So  (l+S),  equation  (12)  can  be 
written 

7i'=  n,(l-AS  sin  Q),  (14) 

since  both  S  and  AS  sin  Q  are  small  quantities. 

By  means  of  this  equation  and  equation  (11)  we  can  compare 
the  results  of  experiment  with  theory.  Thus  from  the  latter 
we  see  that  if  Wj  is  less  than  n^j  then  A  will  be  positive  and 
consequently  by  equation  (14)  n^  should  be  less  than  7j„.  This 
then  18  the  result  we  should  expect  in  case  there  is  a  gaseous 
film  between  the  mirror  and  the  liquid ;  or,  providing  that  is 
eliminated,  it  is  the  result  to  be  expected  in  the  event  that 
a  real  transition  layer  (belonging  to  the  liquid  alone,  as  we 
have  seen)  exists.  Similarly,  if  n^  is  greater  than  n^,  we  see 
from  equation  (11)  that  A  will  be  negative,  and  consequently 
from  equation  (14)  that  n'  should  be  greater  than  n^.  Such 
a  result  would  mean  a  film  of  greater  index  than  that  of 
the  liquid  and  hence  must  be  attributed  either  to  films  of 
surface  contamination  or  to  a  real  transition  layer,  no  gaseous 
film  being  possible  under  these  conditions.  Finally,  we  see 
that  if  A  =  0,  n'  =  n^j  and  this  is  the  result  to  be  expected  if 
no  films  of  any  kind  are  present. 

Thus  if  we  can  make  sure  that  there  is  no  gaseous  film  nor 
any  film  of  surface  contamination  present,  a  value  of  n'  less 
7*0  would  indicate  that  at  its  surface  a  liquid  has  an  index  of 
refraction  less  than  in  the  interior ;  while  a  value  of  n^  greater 
than  n^  would  be  evidence  showing  that  the  index  of  the  liquid 
at  the  surface  is  greater  than  in  the  interior. 

Experimental  Arrangements, 

In  repeating  these  experiments  which  have  been  performed 
so  many  times  and  by  such  competent  observers,  it  was  sought 
to  improve  upon  their  results  in  two  directions :  first,  in  secur- 
ing a  mirror  which  should  be  more  free  from  surface  contami- 
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nation  than  those  used  before ;  and  second,  in  reducing  the 
possibility  of  a  gaseous  film  between  the  mirror  and  the  liquid 
to  a  minimum.  On  account  of  the  difficulties  in  the  way  of 
certainly  getting  rid  of  films  of  surface  contamination  in  solid 
mirrors,  it  was  decided  to  attempt  to  attain  the  first  object  by 
using  a  mercury  mirror.  The  advantages  of  such  a  mirror  are, 
first,  it  admits  of  obtaining  an  extraordinarily  clean  surface 
much  more  easily  than  any  other  metal ;  second,  exactly  simi- 
lar surfaces  can  be  easily  and  quickly  reproduced  ;  and  third, 
the  degree  of  cleanliness  attained  can  be  estimated  better  than 
with  mirrors  of  solid  metal.  The  method  of  cleaning  the  sur- 
face by  stretching  the  dirt  to  the  edges  (first  suggested,  in  the 
case  of  water,  by  Lord  Kayleigh)*  was  adopted  in  the  form  rec- 
ommended by  Rontgen.f     This  is  described  below. 

It  was  feared  at  first  that  the  attainment  of  the  second  object 
would  present  formidable  if  not  insuperable  difficulties.  Drude 
has  suggested  the  possibility  of  removing  the  film  of  gas  by 
heating  ;i  but  this  would  involve  obvious  complications  and  diffi- 
culties. As  mentioned  in  the  introduction,  it  seems  probable 
to  expect  that  the  gas  film  is  introduced  by  entrainment  in  the 
act  of  immersion.  Hence  it  was  decided  to  produce  the  clean 
mercury  surface  while  the  mirror  was  immersed.  The  method 
of  Rontgen  for  producing  the  clean  surface  lends  itself  very 
readily  to  this  purpose,  and  it  would  seem,  from  the  results  ob- 
tained, that  complete  success  in  this  important  object  has  been 
attained.  The  lorm  which  the  apparatus  for  producing  the 
mirrors  finally  took  is  shown  in  the  figure. 

A  glass  tube  of  about  4*^°*  diameter  was  drawn  down  to  form 
a  funnel-shaped  vessel  (A),  into  the  neck  of  which  was  sealed 
a  small  tube  (B),  having  its  end  drawn  out  to  a  capillary 
point  and  projecting  into  the  funnel.  This  tube,  passing 
through  a  cork  at  the  bottom  of  the  cylindrical  iron  vessel  (C) 
which  surrounded  the  funnel,  was  supported  so  that  the  mouth 
of  the  funnel  (ground  to  a  plane)  came  slightly  above  the  top 
of  the  cylinder.  Another  tube  (D|  through  the  cork  (which 
was  provided  with  a  suitable  stopcocK,  not  shown  in  the  figure) 
carried  away  the  mercury  which  overflowed  the  funnel.  The 
iron  cylindeV  passed  through  the  bottom  of  an  open  rectangular 
iron  box  (E)  and  projected  to  within  about  I'S'^"'  of  its  top. 
This  box  served  to  hold  the  liquids  under  which  the  reflection 
was  observed. 

This  surface-cleaning  apparatus  was  mounted  on  a  stand 
furnished  with  levelhng  screws  to  enable  one  to  adjust  the 
mouth  of  the  funnel  accurately  to  a  horizontal  plane.     The 

•  Phil.  Mag.  (5),  xxx,  p.  392,  1890. 
t  Wied.  Ann.,  xlvi,  p.  152.  1892. 
X  Wied.  Ann.,  xxxix,  p.  646,  1891. 
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stand  was  also  provided  with  a  rack  and  pinion  to  give  the 
vertical  adjustment  necessary  to  bring  the  reflecting  surface  to 
the  center  of  the  spectrometer  table.  A  reservoir  of  mercury 
hung  at  a  higher  level  than  that  of  the  funnel  was  connected 
with  the  tube  (B)  by  a  flexible  tube  provided  with  a  suitable 
pinchcock.  In  order  to  secure  a  mirror  suflBciently  free  from 
vibration,  it  was  found  necessary  to  mount  the  stand  in  a  Julius 
suspension. 

The  opemtion  of  producing  a  clean  surface  was  simply  to 
allow  the  mercury  to  overflow  the  edge  of  the  funnel  rapidly  for 


r^- 


Tl 


1-4.-1- 


tm 


a  few  seconds.  If  care  is  taken  to  make  the  overflow  uniform 
all  around  the  edge  (accomplished  by  adjusting  the  levelling 
screws),  surfaces  oi  extreme  cleanliness  can  easily  be  obtained. 
The  test  of  the  cleanliness  is  the  behavior  of  a  drop  of  water 
placed  on  the  surface.  In  making  the  test  it  is  essential  that 
the  drop  itself  be  clean.  This  is  most  easily  done  in  practice  by 
dipping  a  piece  of  platinum  wire  (cleaned  by  heating)  beneath 
the  surface  of  a  beaker  of  distilled  water,  and  removing  the  ad- 
hering drop  quickly  to  the  mercury  surface.  If  the  surface  is 
really  clean,  tlie  drop  is  immediately  stretched  out  to  the  edge 
in  a  film  of  invisible  thickness.  The  appearance  of  a  mercury 
surface  to  the  eye  is  no  test  at  all  of  its  cleanliness ;  it  may 
seem  to  be  a  perfect  mirror  and  yet  the  drop  remain  in  an  hemi- 
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spherical  form  when  placed  on  it,  unless  it  has  been  recently 
cleaned  in  the  manner  described.  It  is  not  necessary  to  start 
with  especially  clean  mercury, — it  cleans  itself  in  a  very  short 
time.  !Mor  is  it  necessary  to  test  the  cleanliness  of  the  surface 
except  after  each  fresh  filling  of  the  reservoir.  A  good  surface 
gets  contaminated  in  the  air  in  a  brief  time,  but  retains  its 
cleanliness  lon^  enough  to  permit  the  necessary  observations  to 
be  taken  comfortably ;  while  a  fresh  surface  can  be  obtained 
easily  and  quickly. 

Thus  it  is  reasonably  certain  that  the  reflecting  surfaces  used 
were  free  from  surface  contamination.  Of  couree  it  is  not  so 
certain,  a  priori,  that  the  film  of  gas  was  removed  when  the 
mirror  was  submerged.  It  is  natural  to  expect,  however,  that 
the  rapid  oveidowing  of  the  mercur}'  would  tend  to  carry  away 
any  such  film  and  leave  a  more  perfect  contact  between  the  two 
media.  And  from  the  final  result  of  these  experiments  it  would 
seem  that  this  expectation  is  fully  justified.  During  the  course 
of  a  set  of  observations  under  a  liquid  it  was  of  coui-se  neces- 
sary to  close  the  overflow  tube  (D),  consequently  the  cylinder 
(C)  was  made  large  enough  to  hold  all  of  the  mercury  which  it 
was  necessary  to  allow  to  overflow  in  the  course  of  such  a  set. 
The  liquid  thus  displaced  from  the  box  (E)  was  made  to  over- 
flow at  one  corner  and  was  caught  in  a  suitable  vessel. 

In  order  to  avoid  any  deviation  of  the  beam  of  light  by 
refraction  at  the  free  surface  of  the  liquid,  glass  tubes  termi- 
nated by  plane-parallel  glass  ends  were  carried  in  suitable  brass 
holders  by  both  the  collimator  and  telescope  arms ;  when  the 
mirror  was  in  position  the  ends  of  these  tubes  were  just  sub- 
merged in  the  liquid  in  (E).  The  length  of  the  box  (E)  was 
made  as  great  as  the  space  between  the  tube-holders  would 
allow,  in  order  to  obtain  as  large  an  angle  of  incidence  as  pos- 
sible. The  space  thus  available  was,  liowever,  too  small  to 
permit  the  use  of  angles  of  incidence  greater  than  60°,  which, 
though  lessening  the  precision  attainable  in  this  kind  of  exper- 
iment, still  yielded  ample  accuracy  for  the  ends  in  view. 

The  apparatus  for  measuring  the  phase  diflference  and  azi- 
muth of  restored  polarization  was  of  a  familiar  type  and  needs 
but  brief  description.  The  spectrometer*  was  one  by  the 
Societe  Genevoise,  arranged  so  that  the  table  could  be  swung 
to  a  vertical  position  to  accommodate  a  horizontal  mirror.  The 
collimator  arm  carried  the  polarizing  nicol  behind  the  lens,  the 
IJabinet  compensator  was  mounted  before  the  objective  of  the 
telescope,  T^iile  the  analyzing  nicol  was  carried  at  the  other 
end  of  the  telescope  tube.  The  nicol  and  compensator  came 
with  the  spectrometer  and  were  of  good  quality.     By  means  of 

•  This  was  obtained  by  the  aid  of  a  grant  from  the  Bache  fund  of  the 
National  Academy  of  Science. 
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a  second  lens  which  could  be  inserted  behind  the  analyzer,  and 
an  extra  draw  tube,  the  eyepiece  could  be  focused  on  the  com- 
pensator fringes.  Since  these  are  not  definite  objects  on  which 
to  focus,  a  small  circular  diaphragm  was  inserted  behind  the 
last  lens  of  the  ocular  in  order  to  avoid  a  small  residual  paral- 
lax which  was  otherwise  necessarily  present.  These  modifi- 
cations of  the  apparatus  as  originally  received  from  the  Soci^t^ 
Genevoise,  and  also  the  holders  for  the  glass  tubes  and  the 
surface- cleaning  apparatus  described  above,  were  made  in  the 
instrument  shop  oi  the  Sheffield  Scientific  School.  The  divided 
circle  of  the  spectrometer  table  could  be  read  to  20'',  and  those 
of  tlie  nicols  to  6'  of  arc.  The  source  of  light  used  was  that 
obtained  from  the  sodium  fiame  of  a  small  blast  lamp  fed  with 
oxygen. 

Measurements. 

The  preliminary  adjustments  of  the  apparatus,  i.  e.,  making 
the  axes  of  collimator  and  telescope  to  intersect  the  axis  of  the 
spectrometer  table  orthogonally,  and  the  adjustment  of  the  axes 
of  the  nicols  to  parallelism  with  those  oi  the  collimator  and 
telescope,  were  made  in  the  usual  manner.  The  positions  of 
the  polarizer  giving  light  polarized  in  the  plane  of  incidence 
were  determined  by  reflection  from  water  at  the  polarizing 
angle.  The  water  surface  was  cleaned  in  the  same  manner  as 
described  above  for  the  mercury.  This  plane  was  determined 
several  times  in  the  course  of  the  investigation  and  with  several 
minor  modifications  of  method.  Thus,  sometimes  the  extinc- 
tion position  of  the  analyzer  was  determined  with  the  reflec- 
tion taking  place  at  the  polarizing  angle,  and  then  that  of  the 
polarizer  by  getting  its  ''  crossed  "  position  with  reference  to 
the  analyzer  when  the  two  were  put  in  line ;  or,  sometimes  the 
extinction  position  of  the  polarizer  for  the  reflection  at  the 
polarizing  angle  was  determined  directly,  the  beam  of  light 
being  sent  through  the  apparatus  in  the  reverse  direction : 
another  modification  was  the  use  of  glass  of  known  index  in 
place  of  water.  None  of  these  various  determinations  yielded 
a  position  of  the  polarizer  differing  from  that  of  any  other 
determination  by  an  amount  as  large  as  the  probable  error  of 
the  readings.  The  result  of  all  these  determinations  gives  a 
value  of  156'58°  for  the  position  of  the  polarizer.  The  proba- 
ble error  is  less  than  0-003°. 

The  calibration  of  the  compensator  was  made  with  the  polari- 
zer in  all  four  of  the  positions  yielding  light  vibrating  in  a 
plane  making  an  angle  of  45°  with  the  plane  of  incidence.  For 
each  position  the  reading  for  the  center  fringe  and  the  first 
fringe  on  either  side  of  the  center  was  determined  as  the  mean 
of  fifteen  settings.     Thus  each  position  of  the  polarizer  yields 
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two  values  of  the  displacement  of  the  compensator  correspond- 
ing to  a  change  of  phase  of  360°.  The  results,  in  terms  of 
turns  of  the  compensator  screw,  follow  : 

Polarizer  aet  to 21  58^       201  -58°     111  '58*       291  -58* 

Compensator  (left)..    8-988         8*967         8982         8962 

(right).    8-971  8-982         8-974         8-979 

(av.)—    8-980         8-975         8-978         8-970    89756 ±00021 

I 

Compensator  left  or  right  means  that  the  first  fringe  to  the 
left  or  right  of  the  central  one  was  under  the  cross  wires.  On 
two  occasions  in  the  course  of  the  investigation  it  became  nec- 
essary to  take  the  compensator  to  pieces,  once  to  clean  it  and 
the  second  time  to  replace  the  cross  wires.  On  each  occasion  it 
was  re-calibrated  and  both  times  with  the  same  result  within 
the  probable  error  of  the  determinations.  The  constant  of  the 
compensator,  i.  e.,  the  factor  bv  which  its  readings  must  be 
multiplied  in  order  to  reduce  them  to  decrees,  deduced  from 
the  above  readings  is  40*11.  The  position  of  the  central 
fringe  (zero  point  of  the  compensator)  was  found  to  vary 
slightly  with  temperature  but  otherwise  was  constant.  The 
maximum  variation  observed  was  0-035  turns.  The  scale  on 
the  compensator  is  so  placed  that  its  direct  readings  yield  the 
supplement  of  the  angle  of  phase  difference  rather  than  the 
angle  itself. 

The  observations  of  the  phase  difference  and  the  angle  of 
restored  polarization  were  made  in  the  following  manner  in 
every  case :  (1)  With  both  the  telescope  and  collimator  arms 
level  and  the  surface-cleaning  apparatus  lowered  out  of  the 
way,  the  zero  point  of  the  compensator  was  determined  as  the 
mean  of  at  least  twelve  settings  taken  coming  up  from  both 
directions.  (2)  With  the  two  arms  set  to  give  an  angle  of 
incidence  <^  =  60®,  the  mirror  was  brought  into  position, 
adjusted  and  cleaned  in  the  manner  which  has  been  described. 
(3)  With  the  polarizer  set  to  give  light  vibrating  in  a  plane 
inclined  at  an  angle  of  45®  to  tne  plane  of  incidence,  the  dis- 
placed position  of  the  central  fringe  was  observed  (again  as  the 
mean  of  at  least  twelve  settings  from  each  direction),  and  the 
position  of  the  analyzer  making  the  fringes  blackest  was 
determined.  For  this  last  at  least  twenty-four  settings  were 
made  in  each  case.  (4)  With  the  polarizer  set  to  give  light 
vibrating  in  the  other  45°  plane,  the  compensator  and  analyzer 
positions  were  again  determined  and  with  the  same  number  of 
readings  for  each.  (5)  Finally,  with  the  arms  brought  back 
ini;o  line,  the  zero  point  was  again  determined  as  in  (1),  so  as 
to  be  able  to  take  account  of  any  temperature  change  in  the 
compensator.     The  reflecting  surface  was  renewed,  of  course, 
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as  often  as  might  be  necessary  in  the  course  of  a  set  of  observa- 
tions. 

The  phase  difference  is  obtained  from  the  diflPerence  of  the 
compensator  readings  of  (3)  and  (4)  and  those  of  (1)  and  (5). 
The  double  angle  of  restored  polarization  is  the  difference  of 
the  positions  of  the  analyzer  in  (3)  and  (4). 

Tnere  were  made,  in  all,  nine  complete  sets  for  A  and  2-^  as 
described  above  :  four  in  air,  three  in  water,  and  one  each  in 
the  HCl  and  turpentine.  The  results  are  shown  in  the  follow- 
ing table.  In  tne  first  column  are  given  the  observed  values 
of  the  displacement  of  the  center  fringe  in  terms  of  turns  of 
the  compensator  screw,  and  in  the  second  the  directly  observed 
values  of  2-^  (or  2^ J. 

Comp.  2"^  or  dV'o 

Air 0-7638  ±  0-0041  81-04°  ±  0-35° 

"     0-7549  ±  0-0018  '81-64     ±0-19 

«     0-7650  ±  0-0017  81-32     ±0-54 

"      0-7548  ±  0-0052  81-46     ±  0*23 

"    (av.) 0-7546  ±  0-0017  81-34°  ±  0'18° 

Water 0-9975  ffc  0-0036  81-65     ±  0-48° 

"       0-9935  ±  0-0010  82-05     ±0-35 

"       0-0934  ±  0-0039  81*74     ±  020 

"      (av.) 0-9948  ±  0*0020  81-81°  ±  0'16  ° 

HCl 1-0030  ±  0-0099  81-91°  ±  0-35° 

Turpentine. 10035  ±  0-0069  82-08°  ±  0-34 

From  the  average  values  above,  the  values  of  7r-A  (or  ^r-A^) 
are  computed  by  multiplication  with  the  conapensator  constant, 
while  the  values  of  Q  (or  QJ,  P  (or  P,),  S  (or  S,),  S,  and  n' 
are  calculated  by  equations  (3),  (6),  and  (8).  The  results  of  the 
computations  are  given  in  the  next  table. 

A  or  A  0          Q  or  Qo  P  or  Po  S  or  So       6              n' 

Air 149-78°  ±  007'    7819'  148-63**  5-843 

Water....  140-10"  ±  0*08°    77-38°  139-40'  4-056    0-0084  1-829  ±  0005 

HCl 139-73°  ±  0-40°    77*58°  139-10°  4024    00086  1340  ±  0  015 

Tarpentine  186-86'  ±  0*28°     7861°  135-78°  3-693    00127  1-465  ±  0011 

Finally,  samples  of  the  liquids  used  were  put  in  a  hollow 
prism  and  their  indices  determined  in  the  usual  way  from  the 
angle  of  the  prism  and  the  angle  of  minimum  deviation.  The 
values  thus  obtained  for  n^  were  : 

no 

Water 1-3320 

HCl 1-3375 

Turpentine 1-4690 

These  values  are  certainly  correct  to  the  third  place. 
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I>iscu8sion  of  the  ResultB, 

An  inspection  of  the  tables  just  given  shows  that  in  the  case 
of  each  of  the  liquids  examined  n'  —  n^  within  the  limits  of 
error  of  the  observations.  In  view  of  what  has  been  said  in 
the  introduction  and  in  the  discussion  of  the  theory  of  the 
experiments,  this  result  indicates  that  there  was  present  no 
appreciable  film  or  layer  of  any  description ;  and  consequently, 
for  these  liquids  at  least,  the  transition  layer  which  has  been 
inferred  from  the  phenomena  of  the  reflection  in  air  is  not  inde- 
pendent of  the  medium  with  which  it  is  in  contact.  In  other 
words,  the  transition  layer  is  to  be  regarded  as  a  true  region  of 
interpenetration  of  two  media ;  and  the  fact  that  it  is  appreci- 
able in  liquids  and  not  in  solids  must  be  attributed  to  the 
greater  freedom  of  molecular  motions  in  the  case  of  the  former, 
and  not  to  any  change  in  physical  properties  at  the  surface 
brought  about  by  the  force  of  surface  tension. 

The  liquids  chosen  for  this  investigation  include  those  for 
which  the  previous  observations  have  vielded  values  of  n'  less 
than  n^y  ana  one  for  which  a  value  oi  n'  greater  than  n,  has 
been  found.  As  the  result  of  this  work  goes  to  show  that  both 
of  these  sorts  of  discrepancy  vanish  when  all  possible  extrane- 
ous films  are  removed,  it  would  seem  a  fair  inference  that  all 
of  the  discrepancies  which  have  been  found  previously  are 
to  be  attributed  to  the  same  causes,  and  that  the  conclusion 
deduced  from  these  experiments  is  a  general  one. 

Sheffield  Scientific  School  of  Tale  University, 
New  Haven,  Conn.,  April,  1911. 
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Akt.  X. — Recent  Gravity  Work  in  the  United  States  ;*  by 
William  Bowie. 

This  paper  gives  a  summary  of  the  gravity  work  done  by  the 
Coast  and  Geodetic  Survey  during  the  past  few  years.  This 
work  comes  under  two  general  heads.  First,  the  instruments 
and  the  field  work  and  methods;  and,  second,  the  reduction 
and  discussion  of  the  observations. 

In  1891  the  Survey  began  the  use  of  two  sets  of  half -second 
pendulum8.t  They  proved  to  be  economical  in  their  operation 
in  the  fieldand  gave  accurate  results  in  the  relative  determi- 
nation of  the  intensity  of  gravitation.  The  pendulum  is 
essentially  a  flat  stem,  supporting  a  bob,  with  devices  at  the 
other  end  of  the  stem  (called  the  pendulum  head)  to  support 
the  whole  upon  an  agate  knife  edge  fastened  to  the  pendulum 
case.  In  the  head  is  fastened  rigidly  an  agate  plane  which 
rests  upon  the  knife  edge.  As  originally  designed,  the  knife 
edge  was  in  the  head  and  the  plane  attached  to  the  case.  By 
having  the  plane  in  the  head  a  more  nearly  invariable  length  of 
pendulum  was  secured,  for  any  wear  on  the  planes  would  have 
negligible  effect  on  the  period  of  oscillation. 

Before  beginning  a  swing  of  a  pendulum  the  air  in  the  case 
ispractically  exhausted  (to  about  60  millimeters  of  mercury), 
mth  a  low  air  pressure  a  long  period  of  swinging  may  be  had 
with  a  small  arc  of  oscillation.  By  means  of  a  break-circuit 
chronometer,  a  flash  apparatus  and  two  mirrors,  one  on  the 
case  and  the  other  fastened  to  the  pendulum  head,  the  obser- 
vations are  made  by  noting  the  time  of  a  coincidence  between 
the  beat  of  the  pendulum  and  that  of  the  chronometer.  If 
two  such  coincidences  are  observed,  one  can  then  obtain  the 
period  of  the  pendulum  with  reference  to  the  chronometer 
time.  The  pendulum  is  so  made  that  its  period  is  slightly 
greater  or  less  than  a  half  second  and  a  coincidence  between 
the  beat  of  the  pendulum  and  that  of  the  chronometer  occurs 
every  five  or  six  minutes.  The  rate  of  the  chronometer  is 
obtained  by  observations  with  an  astronomic  transit  on  stars  as 
they  cross  the  meridian.  Another  piece  of  apparatus  now  in 
use  is  the  interferometer.  This  is  used  instead  of  the  static 
method  formerly  employed  to  get  the  flexure  or  movement  of 
the  pendulum  case  due  to  the  horizontal  force  applied  by  the 
swinging  pendulum.  The  case  moves  with  the  penduluna  and 
tends  to  lengthen  the  period  of  oscillation. 

The  use  of  the  interferometer  to  determine  flexure  was  pro- 
posed by  Mr.  John  F.  Hayford  while  he  was  Inspector  of 

*  Read  before  the  Philoaophical  Society  of  Waehington,  May  6,  1911. 
fSee  Appendix  15,  C.  and  G.  S.  Report  for  1891,  and  Appendix  1,  Report 
for  1894. 

Am.  Joub.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  188,— August,  1911. 
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Geodetic  Work.  The  necessary  investigations  and  experi- 
mental work  were  done  by  former  Assistant  William  H. 
Bnrger,  in  the  fall  of  1907,  assisted  by  Mr.  Hay  ford  and  Mr. 
E.  §.  Fischer,  the  Chief  of  the  Instrument  Division.  The 
instrument  was  made  in  1908  at  our  office.  The  interferom- 
eter has  been  used  successfully  during  the  past  five  seasons  in 
the  field.  A  monograph  on  this  subject,  written  by  Mr. 
Burger,  appears  as  Appendix  6  of  the  report  of  the  Superin- 
tendent for  the  fiscal  year  1909-10,  which  is  now  available  for 
distribution. 

Previous  to  the  year  1909  the  relative  intensit;^  of  gravitation 
had  been  determined  at  47  stations  in  the  United  States :  37 
were  established  by  former  Assistant  G.  R.  Putnam,  3  by 
Assistant  Edwin  Smith,  4  by  former  Superintendent  Dr.  T.  C. 
Mendenhall,  and  1  by  the  late  Assistant  £.  D.  Preston.  One 
of  the  47  is  the  station  at  the  Coast  and  Geodetic  Survey 
Office,  and  another  at  the  Smithsonian  Institution.* 

Each  of  the  stations  is  referred  to  the  pendulum  pier  at  the 
Coast  and  Geodetic  Survey  Office  as  the  base.  The  value  for 
this  station  is  980*111  dynes  and  was  determined  relatively  in 
1900,  using  Potsdam,  Germany,  as  the  base.f  The  value  at 
Potsdam  was  determined  by  the  absolute  method,  using  the 
reversible  pendulum.  Additional  gravity  work  was  taken  up 
in  1909.  It  was  started  under  the  direction  of  Mr.  Hayford, 
as  Inspector  of  Geodetic  Work,  with  Mr.  Burger  in  immediate 
charge  of  the  party  making  the  observations.  When  Mr. 
Hayford  left  the  Survey  in  the  fall  of  1909,  the  work  was 
continued  under  the  speaker.  Mr.  Burger  has  established  35 
stations,  Assistant  H.  I).  King  21  stations,  and  the  field  work 
is  now  being  done  by  Aid  T.  L.  Warner,  who  will  make  obser- 
vations at  from  15  to  20  stations. 

The  field  work  during  the  present  campaign  will  end  at  the 
close  of  this  calendar  year,  by  which  time  the  value  of  the 
intensity  of  gravitation  will  have  been  determined  at  about  75 
stations  during  the  three  years,  1909-11.  These,  with  the  47 
old  stations,  make  a  total  of  about  120.  In  making  the  selec- 
tions, uniformity  of  distribution  has  been  the  principal  aim, 
but  consideration  has  also  been  given  geology,  elevation, 
erosion,  and  deposition  of  material.  With  the  exception  of 
the  introduction  of  the  use  of  the  interferometer  in  measuring 
the  fiexure,  the  methods  of  conducting  the  recent  work  are 
practically  those  used  by  former  Assistant  G.  R.  Putnam.:}: 

Three  pendulums,  constituting  a  set,  were  used  at  each 
station. 

*  The  results  are  published  in  Appendix  15,  Report  for  1891 ;  Appendix  1, 
Report  for  1894  ;  Appendix  6,  Report  for  1897 ;  Appendix  4,  Report  for  1899. 
f  See  p.  855,  Appendix  5,  Report  for  1901. 
jSee  Appendix  1,  Report  for  1894. 
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The  General  Instructions  for  Gravity  Determinations  state, 
in  part : 

(1)  The  determination  of  the  intensity  of  gravitation  shall 
commence  with  standard  determination  of  time,  and  shall  end 
with  a  second  determination  of  time,  made  not  less  than  42 
hours  later  than  the  first.  Between  tnese  time  determinations 
the  pendulums  shall  be  kept  swinging  as  nearly  continuously 
as  is  feasible. 

(2)  -A!  standard  determination  of  the  intensity  of  gravitation 
shall  consist  of  not  less  than  six  swings  of  which  the  probable 
error  of  the  mean  result  is  not  less  than  ±  '004  dyne. 

(3)  Each  pendulum  shall  be  swun^  in  the  direct  position 
only,  and  two  successive  swings  are  ordmarily  to  be  made  with 
each  pendulum.  The  standard  conditions  for  each  swing  shall 
be  a  pressure  (reduced  to  zero  degrees  centigrade)  of  60  milli- 
meters, and  total  arc  at  beginning  5  millimeters.  These  stan- 
dard conditions  are  to  be  approached  as  closely  as  is  feasible 
without  the  expenditure  of  extra  time  for  that  purpose. 

(4)  The  latitude  of  each  gravity  station  must  be  determined 
within  1'. 

(5)  The  elevation  of  each  gravity  station  must  be  determined 
within  50  feet,  unless  to  secure  this  degree  of  accuracy  would 
require  the  expenditure  of  mucli  time  and  money. 

Such  computations  were  made  in  the  field  as  were  necessary 
to  ascertain  whether  the  required  degree  of  accuracy  was 
obtained. 

If  it  is  assumed  that  there  is  no  error  in  the  value  980'111 
dynes  for  the  intensity  of  gravitation  at  the  base  station,  then 
the  average  actual  error  in  the  values  for  the  other  stations  is 
about  '003  dyne,  with  a  maximum  error,  in  rare  cases,  of  about 
•010  dyne.  The  probable  error  of  the  absolute  determination 
of  gravity  at  Potsdam  is  ±  '003  dyne.  The  probable  error  of 
the  determination  of  the  value  for  the  Coast  and  Geodetic 
Survey  station,  relative  to  Potsdam,  is  about  db  "002.  Hence, 
the  probable  error  of  the  base  station  is  about  ±  '004  and  the 
average  probable  error  of  the  other  stations  in  the  United 
States  IS  ±  '005  dyne.  It  is  interesting  to  compare  this 
accuracy  with  that  of  the  stations  determined  at  sea  by  Dr. 
Hecker.  It  is  probable  that  the  uncertainty  in  the  value  of 
the  intensity  of  gravitation  at  an  ocean  station  is,  in  some  cases, 
as  much  as  '10  dyne. 

Hayford  applied  Pratt's  hypothesis  of  isostasy  in  his  investi- 
gations of  the  figure  of  the  earth.  It  is  a  well-known  fact  that 
the  plumb  line  is  attracted  by  the  known  excesses  of  mass 
above  the  theoretical  sea  surface,  and  is  repelled  by  the  defect 
of  mass  in  the  oceans.  Hayford  showed  by  solution  B,  in  his 
"Supplemental   Investigation  in  1909   of   the  Figure  of  the 
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Eartli  and  Isostasy  "  that  the  apparent  deflections  are  increased 
by  considering  only  the  attraction,  positive  and  negative,  of  the 
topography  alone.  In  his  sohition  H  the  effect  of  the  negative 
attraction  of  the  defect  of  mass  under  the  continents  was 
applied  in  addition  to  the  effect  of  the  topography,  as  was  also 
the  positive  attraction  of  the  excess  of  mass  under  the  oceans, 
and  the  deflections  were  greatly  reduced. 

The  theory  of  isostasy  postulates  that  each  topographic  fea- 
ture is  compensated  for  by  a  variation  from  the  norraar  density 
below  sea  level.  The  crust  of  the  earth  under  a  land  area  has 
a  deficiency  of  mass  and  that  under  a  water  area  has  an  excess 
of  mass.  It  is  assumed  that  the  mass  is  the  same  in  each  unit 
column  extending;  from  the  actual  surface  of  the  earth,  land  or 
water,  to  a  certam  depth  below  sea  level.  This  statement  is 
based  upon  the  theory  that  there  is  complete  local  compensa- 
tion uniiormly  distributed  with  respect  to  depth.  Of  course, 
the  actual  condition  deviates  somewhat  from  this  ideal.  The 
compensation  for  a  feature,  a  separate  mountain  mass  for  exam- 
ple, 18  not  necessarily  directly  under  it,  nor  is  the  compensation 
distributed  absolutely  uniformly  and  absolutely  limited  by  a 
certain  depth.  The  second  investigation  of  the  figure  of  the 
earth  by  Hayford  gave  120*9  kilometers  as  the  most  probable 
limiting  depth.  He  predicted  that  "future  investigations  will 
show  that  tne  maximum  horizontal  extent  which  a  topographic 
feature  may  have  and  still  escape  compensation  is  between  one 
square  mile  and  one  square  degree.  The  introduction  of  the 
theory  of  isostasy  to  the  investigations  doubled  the  weight  of 
the  resulting  value  for  the  flattening  of  the  earth,  which  was 
found  to  be  l/297'0it:-6. 

Having  met  with  such  success  in  the  investigations  of  the 
figure  of  the  earth,  it  was  decided  to  apply  the  theory  of  isos- 
tasy in  the  reductions  of  the  gravity  stations  in  the  United 
States.  This  was  done  for  56  stations  by  Hayford  in  1909.  A 
preliminary  report  upon  the  results  of  his  investigation  was 
read  at  the  meeting  of  the  International  Geodetic  Association 
at  London  and  Cambridge  in  1909.* 

The  intensity  of  gravitation  increases  with  the  distance  from 
the  equator,. it  decreases  with  the  increase  in  elevation  above 
sea  level  and  is  affected  by  the  topography  of  the  world  and  its 
compensation. 

The  gravity  for  any  latitude  is  given  by  Helmert's  formula 
of  1901: 

'Pnblished  in  CompteB  Rendos  des  S^nces  de  la  Beizi^me  Conference 
g^n^rale  de  L'ABSooiation  G^od^que  IntemAtionale  r^unie  h  Londres  et  k 
Cambridge  da  21  an  29  Septembre  1909.  R6dig4a  par  le  Secretaire  perpetuel 
H.  G.  Van  de  Sande  Bakhnyzen.  !«'  Volume  :  Procfes-verbaux  et  rapports 
des  Del^gu^s  ear  lee  travanx  geod^siques  accompUs  dans  leurs  pajs,  pp.  354- 
890. 
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y,  =  978-046(1  + -006302  8in'<^= -000007  sin'  2<^). 

The  value  sought  is  7o.  The  constant  798-046  is  the  theo- 
retical value  of  the  intensity  of  gravitation  at  sea  level  at  the 
equator,  unaflfected  by  topography.  The  coefficient  -000007 
was  adopted  by  Helmert  from  the  theoretical  investigations 
of  Weichert  and  Darwin,  while  the  coefficient  -005302  resulted 
from  a  discussion  by  Helmert  of  about  400  selected  gravity 
stations.  These  stations  were  selected  from  a  total  of  about 
1600  stations  and  were  those  which  showed  the  smallest  anom- 
alies. In  latitude  39°,  approximately  that  of  Washington, 
there  is  a  change  of  -0013  dyne  for  1  minute  change  in  latitude. 

The  formula  C„  =  - -00030 86  H,  in  which  H  is  the  eleva- 
tion above  sea  level  in  meters,  is  used  to  get  the  correction  for 
elevation  of  the  stations.  It  follows  that  a  change  of  '001 
dyne  is  caused  by  changing  the  elevation  about  3  meters. 

The  corrections  for  latitude  and  elevation,  only,  are  used  in 
the  Free  Air  reduction,,  which  ignores  the  attraction  of  the 
topography  altogether.  In  this  reduction  it  is  implied  that 
there  is  complete  isostatic  compensation  at  the  depth  zero. 

The  Bouguer  reduction  applies  corrections  for  latitude,  eleva- 
tion, and  for  the  topography  without  compensation.  The 
new,  or  Hayford,  method  applies  these  three  corrections  and 
also  a  correction  for  the  isostatic  compensation. 

It  is  not  necessary  to  discuss  in  detail  the  formulae  used  to 
obtain  the  attraction  of  the  topography  and  compensation. 
They  are  based  upon  the  fundamental  principle  that  the  attrac- 
tion of  any  elementary  mass  dm  for  a  mass  of  one  gram  at  the 

station  of  observation  is  in  dynes  -:^ ,  where  k  is  the  gravita- 
tion constant,  in  the  C.  G.  S.  system,  namely,  6673  (10~").* 
All  other  quantities  must,  therefore,  be  expressed  in  that  sys- 
tem. D  is  the  distance  from  the  station  to  the  elementary  mass. 
The  vertical  component  at  the  station  of  this  attraction  is 

sm  — 
kdm , 


4r'  sin*  — 
2 


in  which  r  is  the  radius  of  the  earth,  considered  as  a  sphere 
(6370  kilometers),  and  6  is  the  angle  at  the  center  of  this  earth 
subtended  between  the  station  and  the  elementary  mass  (the 
station  and  the  elementary  mass  being  considered  at  sea  level). 

*See  page  153  of  **The  Century's  Progress  in  Applied  Mathematics"  by 
R.  S.  Woodward,  in  BnUetin  of  the  American  Mathematical  Society,  vol.  vi, 
No.  4,  pp.  133-163. 
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The  attraction  at  the  station  of  an  elementary  mass  which  is 
higher  than  the  station  is  given  by  the  expression 

.       e 

h  cos  -— 

.      6         .     , . __2 

sm  — —  sm-*      / fT 

^                 y   i>'+A"  +  2i>A8in-- 
kdm — 


D'  +  h'-{-2Dhsiu~ 

In  this  A  is  the  difference  in  elevation  between  the  elemen- 
tary mass  and  the  station. 

The  attraction  at  the  station  of  an  elementary  mass  which  is 
lower  than  the  station  is  given  by  the  expression 

h  cos  - — 

sm  — -  +  sm-'      / '- A- 

^                  y   2>»  +  A*-22>A8in-- 
kdm 


2>'4-A'-22>A8in  — 

For  masses  near  the  station  the  following  formula  was  nsed, 
which  gives  the  atti-action  of  a  mass  having  the  form  of  a  right 
cylinder,  upon  a  point  outside  the  cylinder  and  lying  in  its  axis 
produced : 


Attraction  in  dynes  =  k2vS  { y'c*  +  h^ — ^c* -f  {h -htyi-t]. 

8  is  the  density  of  the  material,  c  is  the  radius  of  the  cylinder, 
t  is  an  element  of  the  cylinder  and  A  is  the  distance  from  the 
attracted  point,  the  station,  to  the  nearest  end  of  the  cylinder. 

For  a  mass  which  has  the  form  of  a  cylindrical  shell,  which 
is  the  difference  in  the  effect  of  two  solid  cylinders  of  the  same 
length,  having  different  radii  c^  and  c,,  this  expression  was 
used: 

Attraction  in  dynes  = 


In  order  to  apply  the  formulae  to  the  computation  of  the 
effect  of  topography  and  the  compensation,  the  whole  surface 
of  the  earth  was  divided  into  zones,  each  having  the  station  as 
the  center.  Each  zone  was  divided  into  equal  compartments 
by  I'adial  lines  from  the  station.  The  division  adopted  is 
shown  in  the  following  table : 
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Inner  radins 

Oater  radios 

Designation 

of  zone 

, 

of 

zone. 

Number  of 

of  zone 

Meters 

Meters 

compartments 

A 

0 

2 

1 

B 

2 

68 

4 

C 

68 

280 

4 

D 

230 

690 

6 

E 

690 

1280 

8 

F 

1280 

2290 

10 

G 

2290 

3520 

12 

H 

3520 

5240 

16 

I 

5240 

8440 

20 

J 

8440 

12400 

16 

K 

12400 

18800 

20 

L 

18800 

28800 

24 

M 

.  ...... 

28800 

68800 

14 

N 

68800 

99000 

16 

0 

99000 

166700 

28 

• 

Degrees,  minutes 

Degrees,  minutes 

and  seconds 

and  seconds 

18 

1° 

29' 

58' 

V 

41' 

13' 

1 

17 

1 

41 

13 

1 

54 

62 

1 

16 

1 

54 

52 

2 

11 

63 

I 

15 

2 

11 

53 

2 

33 

46 

1 

14 

2 

33 

46 

3 

03 

05 

1 

13 

3 

03 

05 

4 

19 

13 

16 

12 

4 

19 

13 

6 

46 

34 

10 

11 

5 

46 

34 

7 

51 

30 

8 

10 

7 

51 

30 

10 

44 

00 

6 

9 

10 

44 

00 

14 

09 

00 

4 

8 

....        14 

09 

00 

20 

41 

00 

4 

7 

20 

41 
41 

00 
00 

26 
35 

41 

58 

00 
00 

2 

6 

....        26 

18 

5 

35 

58 
04 

00 
00 

51 
72 

04 
13 

00 
00 

16 

4 

61 

12 

3 

....       72 

13 

00 

105 

48 

00 

10 

2 

....      105 

48 

00 

150 

66 

00 

6 

1 

....      160 

56 

00 

180 

00 

00 

1 

It  was  found  most  convenient,  in  making  the  computations, 
to  have  the  radii  of  some  zones  in  meters  and  others  in  degrees 
and  minutes  of  a  great  circle.  All  of  the  zones  combined 
together  cover  the  earth  completely.  For  each  zone  a  special 
reduction  table  was  prepared,  giving  the  relation  between  the 
mean  elevation  of  each  compartment  of  that  zone,  and  the 
eflfect  of  the  topography  and  compensation  in  that  compart- 
ment upon  the  intensity  of  gravitation  at  the  station.  The 
mechanical  part  of  the  computation  was  performed  by  the  use 
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of  transparent  celluloid  templates  on  which  the  boundary  lines 
of  the  various  zones  were  drawn.  These  templates,  made  to 
proper  scale,  were  superimposed  on  the  contour  maps. 

The  following  are  condensed  tables  for  zones  E  and  K, 
which  are  hollow  cylinders.  The  corrections  are  given  in  the 
fourth  decimal  place  in  dynes. 

Zone  E.    Inner  radius,  500  meters.    Outer  radius,  1280  meters.    Eight  compartments. 


Mean 

Station  above  compartment. 

Station  below  compartment. 

elevation. 

Correc- 

200 

600 

1000 

1800 

8000 

200 

600 

1000 

1800    8000 

Fathoms 

tion 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet     feet 

—500 

-17 

-1 

—400 

-13 

-1 

-3 

-300 

-   9 

-1 

-3 

-4 

-200 

—   4 

-1 

-2 

-4 

-4 

-100 

-   1 

—  1 

—  2 

—  2 

-8 

-  50 

-   1 

0 

—  1 

—  1 

—2 

-1 

Feet 

0 

0 

0 

0 

0 

0 

0 

400 

+    1 

+  1 

+  2 

+  3 

+   4 

+    3 

-1 

800 

+    3 

+  1 

+  4 

+  6 

+   6 

+   5 

—  1 

—5 

1200 

+    1 

+  2 

+  4 

+  7 

+   7 

+    4 

-2 

-7 

—  12 

2000 

+  16 

+  2 

+  5 

+  7 

+   6 

+    1 

-2 

-9 

-16 

-30 

3000 

+  28 

+  2 

+  4 

+  5 

+   2 

-  4 

-2 

—9 

-17 

—  35   -56 

4000 

+  37 

+  1 

+  3 

+  3 

—   1 

-   9 

-1 

-7 

—  14 

—32   —60 

5000 

+  45 

+-1 

+  2 

+  1 

—   4 

-13 

-1 

-6 

—  13 

-29  -67 

6000 

+  51 

+  1 

+  1 

0 

-   6 

-16 

-1 

—5 

-11 

—26   —51 

8000 

+  60 

0 

-1 

-2 

-   9 

—20 

0 

—4 

-   9 

-22   —43 

10000 

+  66 

0 

—  1 

—  3 

—  10 

—  22 

0 

-4 

-   8 

-19   -38 

15000 

+  73 

0 

—  1 

-4 

—  12 

—24 

0 

—  3 

—   6 

-16   -32 

Zone  K.  Inner  radius,  12400  metere. 

Outer  radius, 

18800  meters. 

20  compartments. 

r<^«*<^A4-{^n     #^«  «1^«r.4^;^««    ^«  ofa4-f»« 

Mean 

station  above  compartment. 

Station  below  compartment. 

elevation. 

Correc 

;-      600 

1800 

4200 

7200 

600 

1800 

4200       7200 

Fathoms 

tion 

feet 

feet 

feet 

feet 

feet 

feet 

feet        feet 

—  1200 

+  1 

-1 

-1 

-   800 

+  1 

0 

—  1 

-1 

—  400 

+  1 

0 

~1 

—  1 

-   1 

Feet 

0 

0 

0 

0 

0 

0 

1000 

-1 

0 

0 

+  1 

+    1 

0 

2000 

-1 

0 

+  1 

+  1 

+   2 

0 

— 

1 

6000 

-2 

+  1 

4-2 

+  3 

+   6 

0 

— 

.2        - 

-4 

10000 

—  1 

+  1 

+  2 

+  6 

+   9 

0 

~ 

-2        • 

-6       -11 

13000 

+  1 

+  1 

+  3 

+  7 

+  11 

—  1 

— 

3 

-8        —13 

15000 

+  3 

+  1 

+  3 

+  7 

+  12 

-1 

— 

■4 

-9       -14 
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The  first  column  of  the  table  for  zone  E  rives  the  mean 
elevation  of  the  compartment  in  fathoms  or  feet,  the  second 
the  correction  for  ^topography  and  its  compensation,  assuming 
the  station  to  be  at  the  same  elevation  as  the  compartment,  the 
third  to  seventh  columns  give  a  correction  to  the  values  in  col- 
umn 2  due  to  the  elevation  of  the  station  above  the  compart- 
ment, and  the  last  five  columns  the  correction  to  the  quantities 
in  the  second  column  should  the  station  be  below  tne  mean 
elevation  of  the  compartment.  The  tables  for  the  other  lettered 
zones  are  practically  the  same  in  form  as  those  for  zones  E  and 
K,  while  the  tables  for  the  numbered  zones  are  materially  dif- 
ferent owing  to  the  absence  of  any  correction  for  elevation  of 
the  station  above  or  below  the  compartments,  and  due  also  to 
the  fact  that  they  are  computed  by  a  diflEerent  formula. 

The  following  table  gives  the  values  for  the  separate  zones 
for  six  typical  stations  : 

Correction  for  Topography  and  Isostatic  Compensation — Separate  Zones. 


Kansas 

Pike's 

Colorado 

Qrand 

Beau- 

San 

City. 

Peak. 

VB- 

Janction. 

fort. 

Francisco 

Sone 

No.  8» 

No.  48 

No.  46 

No.  18 

No.  54 

A 

+  51 

+     2 

+     2 

+    a 

+  1 

+  2 

B 

+64 

+  72 

+  68 

+  68 

0 

+48 

C 

+97 

+157 

+160 

+160 

0 

+35 

D 

+72 

+310 

+306 

+282 

0 

+15 

E 

+30 

+540 

+408 

+336 

0 

+  1 

F 

+16 

+602 

+331 

+239 

0 

0 

G 

0 

+512 

+192 

+120 

0 

0 

H 

0 

+443 

+127 

+  66 

0 

0 

I 

0 

+412 

+  78 

+  33 

0 

0 

J 

-16 

+201 

-  11 

-     7 

0 

-  2 

K 

-20 

+  79 

-  71 

-  65 

0 

-  1 

L 

-24 

-  32 

-147 

-132 

0 

-  7 

M 

-53 

-290 

-369 

-391 

0 

-14 

N 

-47 

-334 

-342 

-374 

+  4 

+15 

0 

-55 

—329 

-339 

-349 

+45 

+99 

18 

-10 

-  68 

-  68 

-  74 

+u 

+24 

17 

-10 

-  68 

-  69 

-  73 

+16 

+21 

16 

-10 

-  68 

-  69 

-  72 

+20 

+20 

15 

-11 

-  64 

-  68 

-  66 

+27 

+19 

14 

-11 

-  69 

-  62 

-  65 

+34 

+17 

13 

-20 

-  83 

-  81 

-101 

+52 

+25 

12 

-13 

-  48 

-  48 

-  55 

+36 

+23 

11 

-14 

-  30 

-  30 

-  34 

+  29 

+21 

10 

-14 

-  17 

-  17 

-   15 

+19 

+14 

9 

-  8 

0 

0 

+     3 

+14 

+10 

8 

-  1 

+     9 

+     9 

+  11 

+14 

+15 

Digitized  by  LjOOQIC 


110    Bowie — Recent  Oravity  Work  in  the  United  States. 

Correction  for  Topography  and  IsosiaUo  Compensation — Separate  Zones. 

(Continued.) 


EansM 

Pike'B 

Colorado 

Onmd 

Bean- 

San 

City. 

Peak. 

Sprinfi^. 

Janction. 

fort. 

Francisco 

ne 

No.  89 

No.  48 

No.  43 

No.  46 

No.  18 

No.  54 

7 

+  8 

+     7 

+     7 

+     7 

+  6 

+10 

6 

+  9 

+     9 

+     9 

+     9 

+  6 

+  9 

5 

+11 

+     9 

+     9 

+     9 

+  8 

+   9 

4 

+  7 

+     8 

+     8 

+     8 

+  7 

+   8 

3 

+  5 

+     5 

+     5 

+     5 

+  6 

+  5 

2 

+  3 

+     3 

+     3 

+     3 

+  3 

+  4 

1 

+  1 

+     1 

+     1 

+     1 

+  1 

+  1 

Total,  -12       +1891         -  68         -511       +361       +446 

The  six  stations  in  the  above  table  were  selected  as  repre- 
senting typical  classes.  Kansas  City  is  an  inland  station,  far 
from  the  coast  of  the  continent  and  not  in  a  mountainous 
region.  Pike's  Peak  is  a  station  on  a  high  mountain  summit 
in  the  interior  of  the  country.  Colorado  Springs  is  a  station 
near  the  foot  of  the  same  mountain  and  at  the  edge  of  a  great 
plain.  Grand  Junction  is  a  station  in  the  interior  of  the  con- 
tinent in  a  deep  valley  among  high  mountains.  Beaufort  and 
San  Francisco  are  coast  stations  near  deep  water. 

It  is  a  most  interesting  fact  and  one  brought  out  for  the  first 
time  by  Hayford,  that  there  is  a  change  of  sign  in  the  combined 
effect  of  topography  and  compensation  near  zone  J,  outer 
radius  about  12  kilometers.  This  change  is  due  to  the  fact  that 
the  effect  of  the  compensation  for  more  distant  zones  is  greater 
than  that  of  the  topography.  It  will  be  seen  that  the  effect  of 
the  distant  topogi-aphy  and  its  compensation,  beyond  zone  J 
for  exaniple,  is  in  some  cases  entirely  too  large  to  be  neglected. 
At  Pike's  Peak,  it  is  —  '136  dyne  and  at  San  Francisco  it  is 
+  -034  dyne. 

The  results  of  the  computations  for  certain  stations  are  shown 
in  the  following  two  tables.  In  the  first  </>  is  the  latitude,  X 
is  the  longitude,  and  7o  is  the  theoretical  value  for  the  latitude 
computed  by  Helmert's  formula.  H  is  the  elevation  of  the 
station  above  sea  level  in  meters.  The  other  headings  are  self- 
explanatory.  It  will  be  noticed  that  the  effect  of  topography 
and  compensation  at  some  stations  is  very  small,  zero  in  two 
cases,  and  large  at  others.  For  Pike's  Peak  it  is  nearly  -200 
dyne. 
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Correction 

for 
topography 
Ntunber  Correction         and 

of              ^                   P.  H  ior  compensa- 

station    , * .      , * ^     meters         yo  elevation  tion 

25  40  21-0  74  39-6  64  980212  —  '020  +-013 

26  40  44  74  02  11  980*248  —  '003  +'008 

27  40  48-5  73  67-7  38  980-254  —  "012  +'011 

28  42  16-5  71  48-6  170  980'386  —  '052  +'018 

29  42  21-6  71  03*8  22  980393  —  '007  4--013 

30  42  22-8  71  07*8  14  980-395  —  '004  +'010 

31  45  11-2  67  16-9  38  980*649  —  '012  4--010 

32  42  271  76  290  247  980-402  —  '076  +-005 

33  41  30-4  81  36-6  210  980-317  —  '065  '000 

34  39  08-3  84  25*3  245  980*105  —  '076  +002 

35  39  28-7  87  238  151  980135  —  047  +'001 

36  41  47-4  87  361  182  980342  —  -056  +007 

37  43  04-6  89  240  270  980458  —  '083  +'003 

38  38  38-0  90  12*2  154  960-061  —  '048  +-001 

39  39  05-8  94  354  278  980*101  —  '086  —001 

40  38  43*7  98  13*5  469  980-069  —  '145  —004 

41  38  54-7  101  35-4  1005  980085  —  '310  '000 

42  38  60*7  104  490  1841  980*080  —  '568  —007 

43  38  60-3  105  02-0  4293  980079  —1-325  +'189 

44  39  40-6  104  66-9  1638  980-153  —  "505  —-015 

45  38  32-6  106  56*0  2340  980-053  —  '722  — '001 

46  39  04-2  108  339  1398  980099  —  '431  — -051 

47  38  59-4  110  099  1243  980*092  —  '384  —-043 

48  39  50-8  111  00-8  2191  980-168  —  '676  +-024 

49  40  46-1  111  53-8  1322  980*250  —  '408  —041 

50  44  43-3  110  29-7  2386  980-607  —  '736  +'038 

51  44  44-2  110  42-0  2276  980*608  —  "702  +031 

52  44  33*4  110  48*1  2200  980*592  —  '679  +*028 

53  47  39*6  122  18-3  58  980*872  —  '018  —-020 

54  37  47*5  122  25.7  114  979986  —  *035  +'045 

55  37  20*4  121  38-6  1282  979*947  —  '396  +*120 

56  47  36*6  122  19*8  74  980*867  —  *023  —•018 

The  second  table  gives  the  number  and  name  of  the  station, 
the  computed  gravity  at  the  station,  the  observed  gravity  and 
the  anomaly. 

Compnted  Observed 

gjravity  at  gravity  at 
Number  and  name  of  station              station        station 

Qe  g  Q-gc 

25  Princeton,  New  Jersey 980-205  980*177  — *028 

26  Hoboken,  New  Jersey 980*253  980*268  +*015 

27  New  York,  New  York 980*253  980*266  +  '013 

28  Worcester,  Massachusetts 980*352  980*323  —-029 

29  Boston,  Massachusetts 980-399  980*395  —•004 


Digitized  by  LjOOQIC 


112     Boioie — Becent  Oravity  Work  in  the  United  States. 

Computed  Observed 

gravity  at  gravity  at 

Number  and  name  of  station  station  station 

Qc               g  g-gc 

30  Cambridge,  Massachusetts 980-401  980-397  —-004 

31  Calai8,Maine. 980-647  980-630  — -017 

32  Ithaca,  New  York 980-331  980-299  —-032 

33  Cleveland,  Ohio 980-252  980-240  -•0J2 

34  Cincinnati,  Ohio 980-031  980*003  —-028 

35  Terre  Haute,  Indiana 980089  980-071  — -018 

36  Chicago,   Illinois 980*293  980-277  —-016 

37  Madison,  Wisconsin 980*378  980*364  — -014 

38  St.  Louis,  Missouri 980*014  980*000  —-014 

39  Kansas  City,  Missouri 980*014  979-989  —-02 

40  Ellsworth,  Kansas 979-920  979*925  +'005 

41  Wallace,  Kansas 979-776  979-754  —-021 

42  Colorado  Springs,  Colorado...  979-505  979-489  —-016 

43  Pike's  Peak,  Colorado 978-943  978-953  +  '010 

44  Denver,  Colorado 979-633  979-608  —-025 

45  Gunnison,  Colorado 979-330  979-341  +-011 

46  Grand  Junction,  Colorado 979-617  979-632  -f015 

47  Green  River,  Utah 979-665  979*635  —-030 

48  Pleasant  Valley  Junction,  Utah  979-516  979-511  —-005 

49  Salt  Lake  City,  Utah 979-801  979*802  -f'OOl 

50  Grand  Canyon,  Wyoming 979*909  979-898  —-Oil 

51  Norris  Geyser  Basin,  Wyoming  979*937  979*949  +  -01 2 

52  Lower  Geyser  Basin,  Wyoming  979-941  979-931  —-010 

53  Seattle,  Washington  (UnivVy)  980-834  980-732  —-102 

54  San  Francisco,  California 979*996  979964  —-032 

55  Mount  Hamilton,  California...  979*671  979*659  —-012 

56  Seattle, Wash'gton,  High  School  980*826  980*724  — *102 

As  the  mean  with  regard  to  sign  of  64  of  the  56  stations 
(the  two  Seattle  stations  were  rejected  on  account  of  their  very 
large  anomalies)  was  —  -008  dyne,  a  correction  of  this  amount 
was  applied  to  the  constant  (978-046)  of  Helmert's  formula. 
For  all  of  the  56  stations  considered  as  a  single  group  the 
means  for  the  three  reductions  are  as  follows : 

Anomaly 

/ ^ s 

(New  Method)    (Bougner)    (In  free  air) 

Mean  with  regard  to  sign ...           —  -004          —  *056  -000 

Mean  without  regard  to  si^n               -018              -066  -030 
With  the  two  Seattle  stations  omitted  the  means  are  : 

Mean  with  regard  to  sign . . .               -000          —  *063  -f  "005 

Mean  without  regard  to  sign              -016              -064  *027 

It  is  seen  that  the  anomalies  by  the  new  method  are 
decidedly  smaller  than  by  the  two  older  methods  of  reduction. 

An  analysis  of  the  anomalies  showed  that  there  is  only 
slight,  if  any,  connection  between  the  size  and  sign   of   the 
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anomaly  and  the  topography.  The  nearly  complete  disappear- 
ance of  the  association  between  anomalies  and  topography  is  a 
proof  that  the  condition  called  isostasy  exists,  and  tnat  the 
assumption  that  the  compensation  is  complete  and  uniformly 
distributed  with  respect  to  depth  from  the  surface  to  a  depth 
of  113*7  kilometers  is  a  close  approximation  to  the  truth.  This 
value  for  the  limiting  depth  of  compensation  was  used  instead 
of  122  kilometers  (tne  latest  value)  as  the  computations  were 
begun  before  the  latter  value  was  available. 

The  facts  and  conclusions  stated  above  are  for  the  56  gravity 
stations  in  the  United  States  used  in  the  reduction  made  by 
Mr.  Hayford  in  1909.  He  and  the  speaker  have  nearly  com- 
pleted an  enlargement  of  the  first  investigation  with  the  addi- 
tion of  33  stations,  making  89  in  all.  It  is  expected  that  the 
results  of  this  investigation  will  be  published  by  the  Coast  and 
Geodetic  Survey  during  this  year.  This  investigation  will 
verify  the  conclusions  arrived  at  from  the  first  one.  Certain 
new  features  have  been  added.  One  is  a  study  to  show  whether 
the  theory  of  local  distribution  of  the  compensation  is  nearer 
the  truth  than  what  may  be  considered  regional  distribution. 
Another  is  an  analysis  of  the  anomalies  to  snow  whether  there 
is  any  connection  between  the  size  and  sign  of  the  residual  and 
the  geologic  formation.  Though  the  number  of  stations  is  too 
small  to  justify  the  statement  that  there  is  a  positive  connec- 
tion, yet  the  evidence  is  strong  that  there  is  a  relation.  This 
is  especially  the  case  with  regard  to  the  oldest  and  most  recent 
formations. 

It  has  been  found  that  the  results  from  the  gravity  investi- 
gations are  in  almost  perfect  harmony  with  those  of  Hayford's 
investigations  of  the  ngure  of  the  earth  and  isostasy.  Those 
who  have  read  his  second  publication  may  remember  the  illus- 
tration on  which  are  shown  by  ovals  certain  areas  of  excessive 
and  defective  mass,  as  indicated  by  the  anomalies  of  the 
deflections.  Gravity  stations  have  been  established  in  many 
of  these  areas  and  in  each  case  the  gravity  anomaly  by  the 
Hayford  method  is  of  the  same  sign  as  that  indicated  by  the 
deflections. 

To  sum  up — the  work  done  by  the  Coast  and  Geodetic  Sur- 
vey proves  conclusively  that  a  close  approximation  to  the  con- 
dition of  complete  isostasy  exists.  The  introduction  of  the 
theory  of  isostasy  into  the  reduction  of  gravity  observations 
has  made  the  anomalies  very  small.  Further  investigations  of 
deflections  of  the  vertical  and  of  gravity  observations  may  show 
how  the  compensation  is  distributed  and  how  nearly  it  is  com- 
plete. With  increased  knowledge  of  the  distribution  of  com- 
pensation the  figure  and  size  of  the  earth  can  be  more 
accurately  determined. 

United  States  Coast  and  Geodetic  Survey,  Washington,  D.  C. 
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Art.  XL — Crystal  Forms  of  Pyromorphite  ;  by  O.  Bowles. 

During  the  past  winter  a  detailed  study  was  made  of  the 
crystal  forms  or  the  mineral  pyromorphite,  the  museum  and 
laboratory  of  the  University  of  Minnesota  affording  a  number 
of  excellent  specimens  from  various  localities.  In  addition  to 
these,  examination  was  made  of  a  number  of  loaned  specimens 
obtained  through  the  kindness  of  the  Foote  Mineral  Company 
of  Philadelphia. 

In  1876  H.  Baumhauer,*  by  etching  pyromorphite  with 
nitric  acid,  obtained  depressions  possessmg  the  symmetry  of 
pyramidal  hemihedrism,  and  for  this  reason  the  mineral  was 
placed  in  the  hexagonal  bipyramidal  class.  Up  to  the  presen  t 
time  no  evidence  has  been  presented,  other  than  that  sup- 
plied by  etch  figures,  for  placing  it  in  this  class.  The  present 
investigations,  nowever,  supply  corroborative  evidence  and 
establish  the  mineral  in  its  crystallographic  class  on  the  basis 
of  morphology.  This  is  made  possible  through  the  observation 
of  many  crystal  faces  representing  a  prism  of  the  third  order, 
and  a  small  number  of  faces  of  a  bipyramid  of  the  third  order. 

Measurements  of  about  forty  crystals  were  made  by  means  of 
a  Goldschmidt  two-circle  goniometer  of  the  1910  model. 

Several  aggregates  of  pale,  wax-yellow  crystals  were  from 
the  well-known  locality,  Ems,  Nasseau,  Germany.  The  largest 
crystals  are  approximately  three  to  five  millimeters  in  diameter, 
and  five  to  ten  millimeters  in  length,  and  are  somewhat  barrel- 
shaped.  The  most  perfect  crystals  are  smaller,  more  tabular 
in  habit,  and  show  most  prominently  the  forms  {lOlOj,  {lOll}, 
and  1 0001}.  In  many  cases  the  form  {1120}  is  well  developed, 
and  on  such  crystals  distinct  third-order  prism  faces  are  usually 
present. 

The  latter  form  occurs  at  times  as  mere  line  faces,  or  may 
be  as  fully  developed  as  the  second  order  forms.  Fig.  1  illus- 
trates a  crystal  witn  four  distinct  faces  of  this  form.  It  is  1-7™"* 
in  diameter  and  1™°"  in  length.  Care  has  been  taken  to  repre- 
sent accurately  the  relative  size  of  each  face.  The  form  was 
observed  on  many  crystals,  and,  for  about  fifty  per  cent  of  the 
faces  observed,  the  refiection  figure  in  the  goniometer  was  clear 
and  definite,  giving  reliable  readings.  The  results  obtained 
point  conclusively  to  the  symbol  \  2130  \ .  The  average  of  read- 
ings for  eighteen  faces  gives  a  value  of  19°  11'  for  the  angle  0, 
the  calculated  angle  being  19°  06'. 

The  most  perfect  crystals  of  pyromorphite  yet  observed  by 
the  writer  are  those  obtained  from  the  Broken  Hill  Mines  of 
*Neae8  Jahrbnch  ftlr  Mineralogie,  1876,  p.  411. 
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New  Sonth  Wales.  They  are  pale  brown  in  color,  of  prismatic 
habit,  and  are  frequently  doubly  terminated.  The  prominent 
forms  areJlOlOJ,  flOll},  and  {0001};  while  in  many  cases  the 
form  1 1120}  is  of  e<jual  importance.  The  bipyramid  |202l} 
occurs  frequently  with  narrow  faces,  while  extremely  small 
faces  of  the  form  {ll2l|  occur  sparingly. 

A  new  form  observed  is  the  bipyramid  of  the  third  order 
{ 2l3l } .  A  number  of  undoubted  third-order  faces  were  pres- 
ent, but  owing  to  curvature  only  a  small  number  of  these  gave 
reliable  readings.  For  the  most  distinct  face  an  average  of 
thirty  readings  at  the  point  of  maximum  luster  gave  0  18°  58', 
and  /)  66°  02'. 


Fig.  1. 


Fio.  3. 


c 

f 

^ 
« 

m 

a 

h 

^-^ 

—- 

— — 

Fios.  1,  2.— Pyromorphite. 

The  irregular  moss-like  aggregates  from  Phcenixville,  Pa., 
afforded  rather  unsatisfactory  material  for  crystal  study.  Nar- 
row faces,  which  are  evidently  third-order  prisms,  are  present, 
but  are  too  indistinct  to  give  readings  from  which  symbols  may 
be  determined. 

The  most  noteworthy  feature  of  crystals  from  Devonshire, 
England,  is  their  peculiar  habit,  many  of  them  being  funnel- 
shaped  and  attached  at  the  smaller  end.  The  broader  termi- 
nation shows  usually  a  rim  of  basal  pinacoid  with  a  cavity  in 
the  center.  Occasionally  the  crystals  are  obliquely  terminated 
owing  to  the  extreme  development  of  one  pyramidal  face  as 
shown  by  a  brightly  reflecting  border,  the  center  being  usually 
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hollow.  The  prismatic  faces  give  fairly  definite  reflection 
figures  in  the  goniometer,  and  hence  the  convergence  toward 
tne  point  of  attachment  is  not  due  to  curvature,  but  is  attained 
by  a  series  of  steps.  The  forms  {10lO[,  {0001},  and  llOll} 
were  observed. 

The  observed  and  calculated  angles  of  the  new  forms  are 
given  below  in  tabular  form. 


Form 


h   J2l50} 
u   ]2lSl} 


Observed      Calcnlated 

19°   11'  19°   06' 

18°  58'  19°  06' 


Observed        Calculated 

89°  55'  90°  00' 

66°  02'         66°   02' 


Fig.  2  represents  all  the  known  crystal  forms  of  pyromor- 
phite,  and  the  following  table  gives  the  characteristic  angles. 
Those  for  which  no  reference  is  given  are  taken  from  Gold- 
schmidt's  "  Krystallographische  W  inkeltabellen." 


Table  of  Angles. 


Form 
C   {0001} 
wi{10lO} 
a  11120} 
h   |2l30}* 
c  {30S4{t 

X   {lOllj      _  „   _.  __ 
b    { 15.0.16.14} J  0°  00'  42°  37 


0°  00' 
30°  00' 
19°  06' 


P 

0°  00' 

90°  00' 

90°  00' 

90°  00' 


0°  00'  32°  31' 
0°  00'  40°  22' 


Form 
y {2021 
TT  {4041 
P{8081 
RJ90S1 
8  {1121 
u  {2131 


0°  00' 
0°  00' 
0°  00' 
0°00' 
30°  00' 
19°  06' 


P 
59°  32' 
73°  36' 
81°  38' 
82°  34' 
56°  49' 
66°  02, 


Department  of  Geology  and  Mineralogy, 
University  of  Minnesota, 

Minneapolis,  Minn.,  May  4,  1911. 
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+  Bowles,  this  Journal,  vol.  xxviii,  p,  40. 

I  LAcroix,  Bulletin  de  la  Soci^t^  Min^ralogiqne,  1894,  p.  120. 

§  Lacroix,  Min^ralogie  de  la  France,  iv,  p.  894. 
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Art.  XII. — Some  New  Mechanical  Quadratures  /  by  G-eorge 

F.  Becker. 

Mechanical  quadratures  are  in  some  circumstances  unavoid- 
able, but  they  are  usually  shunned  as  clumsy  and  troublesome. 
Were  the  formute  neater  and  their  applicability  better  defined, 
they  might  be  of  great  use  in  experimental  physics  and  might 
compete  with  other  integrations  by  series  in  the  computation 
of  functions.  This  paper  is  intended  as  a  contribution  to  that 
end. 

There  are  three  distinct  systems  of  mechanical  quadrature 
each  depending  upon  the  integration  of  a  general  formula  for 
interpolation.  By  integrating  Newton's  interpolation  for- 
mula Simpson's  rule,  Weddle's  rule,  and  some  others  can  be 
found.  These  depend  upon  the  assumptions  that  the  incre- 
ments of  the  abscissa  are  constant  and  the  differences  above  a 
certain  order  are  negligible.  It  is  said  that  if  the  attempt  is 
made  to  include  in  quadratures  of  this  species  differences  above 
the  sixth,  the  formula  become  unmanageable,  but  this  I  have 
not  tested.  It  is  possible  to  base  quadratures  on  Stirling's  and 
Bessel's  interpolation  formulae,  but  as  these  are  not  appli- 
cable at  the  beginning  or  the  end  of  a  series  of  values  their 
usefulness  is  limited,  and  since  these  modes  of  interpolation 
are  founded  on  Newton's,  the  quadratures  are  not  essentially 
different. 

Gauss  used  as  the  basis  of  his  method  of  quadratures  La- 
grange's interpolation  formula.  When  after  integration  the 
increment  of  the  abscissa  is  assumed  to  be  constant,  Cotes's 
numbers  result,  but  Gauss  showed  that,  by  a  proper  selection 
of  unequal  increments  of  the  independent  variable,  formulae  can 
be  deduced  whose  convergence  is  very  rapid.  Unfortunately 
most  of  the  increments  are  surds,  rendering  the  application  of 
the  method  very  laborious  in  spite  of  its  elegance. 

Interpolation  by  means  of  Taylor's  series  has  several  advan- 
tages over  methods  depending  upon  finite  differences  and  its 
limitation  to  continuous  functions  is  rarely  of  any  moment. 
In  dealing  with,  known  functions  the  methods  of  infinitesimal 
calculus  are  habitually  employed  excepting  for  interpolation, 
while  finite  differences  constitute  a  distinct  algorithm.  Since 
Taylor's  series  is  the  very  foundation  of  analysis,  its  application 
to  interpolation  is  both  more  consistent  and  more  elegant  than 
that  of  finite  differences,  while,  if  needful,  the  final  results  can 
be  expressed  in  terms  of  finite  differences  without  the  least 
trouble.  Similarly  so-called  mechanical  quadratures  founded 
on  Taylor's  series  in  its  application  to  interpolation  are  quad- 
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ratares  obtained  by  integration  of  a  differential  equation  and 
thus  do  not  differ  essentidly  from  integrations  by  series.  The 
expressions  for  quadrature  to  which  Taylor's  theorem  leads 
are  in  some  cases  semi-convergent  series,  yet  the  error  involved 
may  be  reduced  ad  libitum.  Although  convergent  series  would 
yield  results  of  absolute  accuracy  were  an  infinite  number  of 
terms  to  be  computed,  this  accuracy  is  purely  theoretical  and 
computation  terminates  when  the  error  becomes  negligible. 
The  distinction  between  convergent  and  semi-convergent  series 
is  clear,  yet  there  is  no  difference  between  the  results  obtainable 
by  their  use  in  effecting  quadratures. 

The  quadrature  founded  on  Taylor's  series  was  first  given 
by  Euler  in  1732-3,  but  his  paper  was  not  printed  until  1738. 
It  was  discovered  independently  by  Maclaurin  who  published  it 
in  1742.*  The  very  essential  discussion  of  the  remainder  was 
left  to  Foisson,  Jacobi  and  others.  The  formula  for  mechan- 
ical quadratures  commonly  given  in  text-books,  and  ordinarily 
ascribed  to  Laplace,  is  merely  Euler's  equation  with  the  substi- 
tution of  finite  differences  for  derivatives. 

It  is  easy  so  to  transform  Taylor's  series  as  to  express  an 
integral  in  terms  of  a  sum  of  the  ordinates  and  sums  of  the 
successive  derivatives.  The  function  to  be  integrated  and  its 
derivatives  can  be  similarly  expressed.  From  the  system  of 
equations  thus  developed  the  sums  of  the  derivatives  can  be 
eliminated  and  the  result  taken  between  limits  is  a  definite 
integral  eicpressed  in  terras  of  the  sum  of  the  ordinates, 
together  with  the  derivatives  at  the  limits.  This  is  Euler's 
quadrature. 

Let  A  be  the  constant  increment  of  x  and  Bj,  B„  B^ be 

Bernoulli's  numbers ;  for  brevity  let  also 

or  the  difference  of  the  ^th  derivative  at  the  two  limits. 
Then  Euler's  equation  may  be  written  thus : 

Of  course 


-J ...-1-K. 


n 
and  h  may  be  any  integral  factor  of  x^^x^.    The  total  number 
of  ordinates  is  t^+I  and  they  divide  the  area  to  be  integrated 
into  n  parts  each  of  width  A. 

♦  Euler's  formula,  based  on  Taylor's  theorem,  will  be  found  in  Commen- 
tarli  Acad.  Sci.  Imp.  Petrop.,  vol.  vi,  ad  annos  1732  et  1733 ;  1738,  page  68, 
Maclaurin  gives  it  in  his  Treatise  of  Fluxions,  1742,  page  672. 
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Baler's  formula  is  capable  of  some  transformations  which  do 
not  seem  to  have  been  noticed  and  a  variety  of  special  forms 
can  be  deduced  from  it.  For  this  purpose  it  is  convenient  to 
make  certain  changes  in  notation.  The  first  term  of  the 
second  member  is  a  polygon  bounded  by  the  axis,  the  extreme 
ordinates  and  chords  connecting  the  extremities  of  all  the 
ordinates.  Let  this  polygon  of  chords  be  denoted  by  Cj  and 
let 

in  which  case  n  must  be  divisible  by  m.  Evidently  these  are 
also  polygons  of  chords  and  there  is  an  Eulerian  equation  corre- 
sponding to  each  of  them,  obtainable  by  merely  substituting 
mh  for  A.     Let  also 

T  =  2A (y,+  y.+  y.+ . . .  y..,)  =  2C,  -  C.. 

Here  T  may  be  a  polygon  of  tangents  or  of  tangents  with 
portions  of  the  ordinates.  It  consists  of  nl'i  portions  each  of 
width  2A.  In  any  case  the  integral  sougnt  will  be  an  area 
intermediate  between  T  and  C,n  irrespective  of  the  particular 
value  of  TTi.     It  is  evident  from  the  identity  T=2Ci— C,  that 


/■ 


U  =  T+  (2--2)  ap  -(2'-2)  ^J^~  +  , . . .  +R 


Suppose  n^  or  the  number  of  strips  into  which  the  area  is 
divided,  to  be  a  multiple  of  two.  Then  the  integral  is  expres- 
sible by  each  of  two  or  more  Eulerian  equations.  If  each  of 
these  is  multiplied  by  an  arbitrary  multiplier  and  if  the  sum 
of  these  multipliers  is  unity,  the  sum  of  the  equations  will  be 
a  new  expression  for  the  integral.  Furthermore,  for  every 
polygon  01  chords  involved  it  will  be  possible  to  eliminate  the 
coefficient  of  one  difference  of  derivatives,  or  v.  Thus  if  n  =  4 
the  integral  may  be  expressed  in  terms  of  T,  C„  or  C^.  Multi- 
plying by  arbitrary  coefficients  and  adding  the  three  equa- 
tions makes  it  possible  to  impose  three  conditions,  viz. :  tliat 
the  sum  of  the  multipliers  shall  be  unity  and  that  the  coeffi- 
cients of  v'  and  v'"  shall  disappear.  This  transformation 
leaves  the  integral  expressed  in  terms  of  the  three  polygons 
and  of  derivatives  of  the  fifth  and  higher  orders  for  wnich 
finite  differences  may  be  substituted  if  necessary. 

So  far  as  mere  elimination  is  concerned  there  appears  to  be 
no  limit  to  this  process.     Thus  if  x^—  Xq  were  to  be  divided 
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into  60  parts,  eleven  coeflScients  could  be  eliminated  and  the 
integral  would  be  expressed  in  terms  of  T  and  eleven  polygons 
of  chordS;  only  the  23d  and  higher  derivatives  or  differences 
appearing  in  the  remaining  portion  of  the  series.  For  certain 
classes  of  functions  this  might  be  advantageous,  but  on  account 
of  the  semi-convergence  of  Euler's  series  the  desirable  limit 
vsrill  in  many  instances  be  lower. 

I  have  carried  out  the  process  only  as  far  as  ti^  =  12,  which 
permits  of  the  elimination  of  all  the  derivatives  below  the 
eleventh.  The  equations  themselves  show  the  appropriate 
factors,  while  the  coefficient  of  the  one  derivative  term  retained 
is  the  sum  of  the  coefficients  in  the  several  Euler  series  each 
multiplied  by  one  of  these  factors.  The  following  six  formulas 
are  thus  obtained : 

{X)Jydx  =  - -^  -  2A.  -  — 4-  ....  (n  >  2) 

,„.  32T  +  12C,  +  C.       ..    AV   ^  ,        ^. 

(2)  = s * —4A. -—--+...  .  (n>4) 

^  '  45  1,890  ^    =    ' 


(8) 
(4) 

(5) 
(«) 


840  6,600  ^    =    ' 

_  2,048T  +  704  C,  +  84C,  -  C,  2AV*i 

"  27835  ~  ^'*-   4,725   "^  *  "  '  " 

(w  >  8) 

__  35,000T  +  14,375C,  +  528C;-  7C^„  __  l^OAV^^ 

~  49,896  *  12,090''^' *' 

(n>^10) 
_  1,492,  992T- 1 74,960C,  -t- 585,7280, 
■"  1,801,800 

_  104^70,  +  2,288C.-C,,  _  ^2A  6?!^"^ 
1,801,800  '750,750 


+ 


{n>  12) 

The  derivatives  in  the  last  or  corrective  terms  of  these  equa- 
tions may  be  expressed  in  terms  of  finite  differences  should  the 
latter  be  more  convenient.  The  transformation  is  well  known, 
but  its  most  essential  features  may  be  noted  here  to  save  a 
reference.  The  Ath  derivative  of  a  function,/  (a?^''^),  multiplied 
by  the  Ath  power  of  the  constant  increment  of  a?,  here  denoted 
by  A,  is  expressible  in  terras  of  the  ^th  finite  difference  and 
differences  higher  than  the  Ath.  For  the  purpose  in  hand  New- 
tonian differences  should  be  employed  because  they  are  appli- 
cable at  the  beginning  and  at  the  end  of  a  series  of  values. 
When  the  derivatives  and  differences  are  so  large  that  higher 
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derivatives  and  differences  also  require  consideration  the  trans- 
formation is  somewhat  complex,  but  if  the  kth.  difference  is 
technically  "small,"  so  that  the  (i+l)st  difference  is  negli- 
gible, then 

where  A  denotes  finite  difference.  In  the  formulae  v  is 
employed  to  indicate  the  difference  of  the  derivatives  at  the 
limits  of  the  area  to  be  integrated,  x^  and  Xj^,  Using  a  corre- 
sponding notation  for  the  finite  differences  and  assuming  that 
tne  (A+l)st  difference  is  inconsiderable 

and  this  substitution  may  be  made  in  the  corrective  terms  of 
the  formulae.* 

Not  all  of  these  equations  are  wholly  new.  The  first 
term  of  (1)  is  only  Simpson's  rule  in  a  new  notation  and  if  n 
is  limited  to  2  it  is  also  identical  with  Cotes's  rule  for  n=2. 
Omitting  the  derivatives,  equations  (2)  and  (3)  also  coincide 
with  Cotes's  rules  for  ti  =  4  and  n  =  6,  but  if  in  these  equa- 
tions n  is  taken  at  any  multiple  of  4  and  6,  numbers  quite 
distinct  from  Cotes's  result.  All  of  the  equations  can  be 
expressed  in  the  same  form  as  Cotes's,  but  this  mode  of  state- 
ment seems  undesirable  because  it  masks  the  vital  fact  that  a 
reduction  of  the  value  of  h  increases  the  accuracy  of  the  result. 
Now,  no  one  would  think  of  getting  a  considerable  quadrature 
by  Simpson's  rule  with  the  minimum  value  of  ti  =  2,  because 
tnis  rule  with  ?i  =  10  gives  a  result  the  error  of  which 
approaches  a  625th  of  that  incurred  by  taking  n  at  2,  while  if 
in  (6)  n  is  taken  at  24  instead  of  12  the  error  is  reduced 
approximately  to  1/4096  of  its  maximum  value. 

So  far  as  1  know,  equations  (4),  (6),  and  (6)  are  new,  and 
Cotes's  numbers  f orn  =  8  and  J  0  do  not  fit  into  the  system  of 
quadratures  here  discussed. 

The  derivative  term  in  each  of  the  six  equations  may  exceed 
the  value  of  the  remainder.  If  the  difference  of  derivatives 
in  this  term  is  denoted  by  i/,  this  is  to  be  regarded  as  the 
definite  integral  of  f  (aj^''+^^),  which,  like  any  other  function  of 
real  variables  to  be  integrated,  must  preserve  the  same  sign 
between  the  limits  of  integration.  If  the  sign  does  not  change, 
and  if  also  (as  Poisson  an^  Jacobi  showed)  the  (r+l)st  deriva- 
tive does  not  pass  through  a  maximum  between  the  limits,  then 
the  final  term  of  the  equations  exceeds  in  absolute  value  the 
remainder  of  the  series.  In  any  case  whatever  let  X  be  the 
maximum  value  of  f  (aj^'+*^)  between  the  limits,  then  the  total 
area  represented  by  the  definite  integral,  i;%  must  be  less  than 
X  (a?n— a?,),  and  this  substituted  for  if  in  the  corrective  term 

*  A  discussion  of  the  relations  subsisting  between  derivatives  and  finite 
differences  may  be  found  in  Smithsonian  Math.  Tables,  1908,  page  xxxvi,  or 
elsewhere. 
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gives  a  quantity  greater  than  the  remainder  of  the  Eulerian 
series.  It  is  usually  practicable  so  to  select  or  subdivide  the 
limits  of  integration  that  the  (r-fl)8t  derivative  neither 
changes  sign  nor  passes  through  a  maximum  and  then  the 
corrective  term  of  the  equations  approximately  defines  the 
error  of  the  quadrature. 

It  is  possible  still  further  to  i-educe  the  limits  of  the  remain- 
der provided  that  certain  assumptions  are  made  with  respect 
to  succeeding  differential  coefficients,  but  this  proviso  implies 
an  inquiry  which  in  most  instances  would  be  laborious,  more 
so  than  the  division  of  h  into  two  or  more  parts.* 

It  will  be  observed  that  even  in  (6)  the  coefficients  are  num- 
bers of  manageable  magnitude  not  exceeding  7  places.  If  the 
attempt  were  made  to  eliminate  a  larger  number  of  derivative 
terms  it  is  not  improbable  that  the  formulae  could  be  dealt 
with  only  by  10-place  logarithms  or  computing  machines. 

The  most  accurate  of  the  equations  given  above  involves  the 
division  of  x^—x^  into  some  multiple  of  12  parts. 

Such  a  division  may  be  inconvenient,  for  example  in  dealing 
with  a  function  which  is  already  tabulated  to  a  decimal  argu- 
ment. This  difficulty,  however,  may  be  avoided  with  little 
trouble ;  for,  if  100  values  of  y  are  available,  the  quadrature 
from  the  first  to  the  96th  may  be  effected  by  equation  (6)  and 
that  of  the  remaining  4  items  by  equation  (2).  When  experi- 
mental data  are  to  be  dealt  with  observations  can  usually  be  so 
arranged  as  to  fit  a  duodecimal  formula  and  when  time*  is  the 
independent  variable  duodecimal  division  is  of  course  most 
convenient. 

In  dealing  with  some  functions  one  or  two  derivatives  are 
readily  calculated,  or  are  perhaps  already  tabulated,  while  the 
higher  derivatives  are  troublesome.  It  is  worth  while  to 
observe,  therefore,  that  it  is  as  easy  to  eliminate  the  coefficients 
of  the  higher  derivatives  as  of  the  lower  ones,  and  that  a  for- 
mula similar  to  (6)  could  be  found  in  which  v'  and  v'"  should 
be  retained  but  u^*  and  v*'"  cancelled. 

Odd  values  of  n  lend  themselves  less  readily  than  even  ones 
to  the  elimination  of  derivatives  from  Euler's  series  because  of 
their  limited  divisibility.  If  ti  ==  3  the  quadrature  may  be 
written 


j  yclx  = 


'^'-^'       3A. /*•"'" 


8  '    240 


and  the  first  term  of  this  formula  was  given  by  Newton.f 

♦The  remainders  in  formulsB  (1)  to  (6)  ariae  from  the  remainders  in  the 
system  of  Taylor's  series  on  which  Euler's  equation  is  based,  and  the  pab- 
lished  discnasions  of  the  remainder  in  Taylor's  series  would  make  a  stout 
volume.  No  elaborate  consideration  of  this  subject  seems  needful  for  the 
purpose  of  this  paper. 

t  OpuBcnla,  Methodus  differentialis,  prop,  vi,  Scholium. 


Digitized  by 


Google 


O,  F.  Becker — New  Mechanical  Qitadraturea.       123 

Comparison  with  (1)  shows  that  it  is  somewhat  less  accurate 
than  Simpson's  rule.  Newton's  rule  is  derivable  also  from  the 
integration  of  his  interpolation  formula,  and  if  Zh  is  taken  as 
unity  it  coincides  with  Cotes's  rule  for  n=3.  The  lowest  odd 
number  with  two  divisors  is  9,  so  that  with  71= 9  two  deriva- 
tives could  be  eliminated,  but  such  a  formula  would  be  of 
small  value. 

It  is  noteworthy  that  the  simpler  rules  for  quadrature  are 
derivable  from  any  one  of  the  three  fundamental  interpolation 
formula. 

Other  formulas  could  be  obtained  by  eliminating  fewer  coef- 
ficients than  the  divisibility  of  n  permits.  In  general  that 
would  be  a  waste  of  opportunities,  but  two  examples  are  worth 
noting.     With  71=6,  1  find  from  T,  C„  and  C. 

/16T  +  3a  +  20.        ^^    A' v^ 
y^  = ^ "-«*-i;^o  +  "-- 

which  is  Weddle's  rule  with  a  corrective  term.  Under  normal 
circumstances  it  is  considerably  less  accurate  than  (3),  as  can 
easily  be  shown  by  applying  each  of  the  equations  to  the  same 
portion  of  the  exponential  curve. 

Curiously  compact  and  accurate  is  a  formula  derived  from 
T,  Cj,  C„  and  C^,  in  which  the  coefficient  of  0,  turns  out  to  be 
zero.  Of  course  n  must  be  12  or  a  multiple  thereof.  It  may 
be  written 

/;^=l(.T.io-^.)-,..|;i'i....,.). 

Here  the  denominator  of  the  corrective  term  is  remarkably  large, 
or  the  remainder  very  small,  so  that  (7)  may  approach  (6) 
in  accuracy.  Its  simplicity  makes  it  convenient  for  laboratory 
use.  Economy  of  labor  depends  to  some  extent  on  the  arrange- 
ment of  computation,  and  for  that  reason  I  give  in  a  footnote* 
(p.  124)  the  details  of  the  quadrature  by  (7)  of  a  portion  of  the 
as(5ending  exponential.  It  will  enable  the  reader  to  perceive 
that  no  advantage  is  obtained  by  stating  the  formulae  in  terms 
of  the  ordinates  instead  of  the  polygons,  even  when  the  divi- 
sion of  the  area  to  be  integrated  is  limited  to  the  minimum 
value  of  n. 

It  is  needless  to  say  that  the  integrals  (1)  to  (6)  without  the 
corrective  terms  are  rigorous  for  finite  series  with  n  -\-  1  con- 
stants whose  highest  terms  contains  a?".  In  any  other  case  two 
distinct  means  exist  for  reducing  the  error  of  the  result  below 
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a  given  tolerance,  viz.,  a  proper  choice  of  the  number  of  deriv- 
atives to  be  eliminated  and  a  subsequent  reduction  of  A  so  far 
as  this  may  be  needful.  Even  if  Euler's  series  ultimately 
becomes  divergent  for  a  given  function  or  class  of  functions, 
the  earlier  part  of  the  series  is  convergent  and  there  is  some 
term  after  the  first  at  which  divergence  begins;  in  other  words,* 
the  best  results  for  a  given  value  of  h  is  attainable  by  integrat- 
ing a  certain  number  of  terms  of  Euler's  series.  This  amounts 
to  a  choice  between  formulee  (1)  to  (6)  or  others  similarly 
derived.  Thereafter  the  onlv  question  is  how  small  a  value  of 
h  must  be  adopted  to  give  the  required  accuracy.  Any  quad- 
rature by  series  assumes  a  fictitious  curve  more  or  less  nearly 
coinciding  with  a  real  one.  For  the  quadratures  under  discus- 
sion the  number  of  derivatives  eliminated  determines  the  order 
of  the  contact  of  the  two  curves  at  the  extremities  of  the  arc  to  be 
integrated  and  also  a  minimum  number  of  common  points  on 
the  two  curves.  By  division  of  h  the  number  of  common  points 
is  increased  in  simple  proportion  to  the  number  by  which  h 
may  be  divided,  but  the  order  of  contact  at  the  extremities  is 


+^4e 


■/ 


*  Find    /  e^d  x  with  n  =  12,  or  h  =  0'8.  taking  values  of  y  from  Smith- 


Bonian  Math.  Tables,  by  (7). 

X 

y 

T 

C 

s 

c. 

X,  =  -1-0 

yo/2 

0-188 

9397 

0183    9397 

X,       -0-7 

Vi 

0-496 

5853 

a?,       -0-4 

v% 

X,       -0-1 

y» 

0-904 

8874 

0-904 

8874 

^4       +0  2 

y* 

1-221     403 

X,          0-5 

Vi 

1-648 

721 

X,          0-8 

y» 

2-225 

541 

X,          1-1 

y-i 

3004 

166 

a?«           1-4 

l/a 

4-055     200 

X,           1-7 

Vb 

5-478 

947 

5-478 

947 

a?»o         2*0 

Vio 

acii         2-8 

2^11 

9-974 

182 

usit         2-6 

Vxs/2 

6-731 

869 

6-731     869 

S 

21-502 

489 

15-520 

184 

12-192    412 

Factor 

^h 

%h 

4A 

Product  

12-901 
=  T 

4634 

18-968 

=  c. 

1206 

14-630  8944 

=    C4 

These  values  substituted  in  (7)  give  for  the  answer  18-095  858.     The  true 
value  of  the  last  figure  is  9. 
For  n  =  12,  but  not  for  any  multiple  of  12,  (7)  can  be  written 

Cydx  =  A  I  19  (yo  +  l/iO  -f  8  (y»  +  i/ft  +  Vt  +  Vn )  +  y  (y.  +  vO 
24  4  ) 

•f  -^-  va  -  y  (y4  +  y8)|-  . 
No  arithmetical  work  is  saved  by  adopting  this  method  of  statement. 
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not  affected  by  this  process.  The  remainder,  on  the  other  hand, 
is  inversely  proportional  to  a  power  of  the  number  by  which  h 
is  divided,  a  power  greater  by  one  than  the  order  of  the 
retained  derivative. 

In  order  to  test  the  accuracy  of  formute  for  mechanical 

S[uadrature  it  is  clearly  necessary  to  take  a  difficult  example, 
or  otherwise  all  reasonably  good  formulse  would  show  insig- 
nificant errors.     For  this  purpose  Bertrand  selected 


/ 


log  (1  4-  a)  da;        IT  ,       ^      ^  «»,^,^  o.>« 
®^  '        =— log  2  =  0-27219  826. 


1  +  a;  8 

The  curve  in  this  case  rises  sharply  from  the  origin,  passes 
through  a  maximum  at  a?  =  0*7825 . . .  and  then  approaches  the 
a?-axi8  asymptotically.  In  general  form  it  resembles  the 
energy  curve  of  the  spectrum. 

I  have  taken  the  same  example  using  8-place  natural  loga- 
rithms and  an  8-figure  computing  machine,  and  get  the  fol- 
lowing table  of  results,  in  which  /  stands  for  the  computed 
integral : 


Fonnula 

71 

I='-flog3  + 

1 

2 

+  0-00181  206 

2 

4 

—  0-00002  363 

3 

6 

—  0-00000  545 

4 

8 

-r-  0-00000  154 

5 

10 

—  0-00000  060 

6 

12 

±   0-00000  000 

7 

12 

+  0-00000  001 

The  results  for  (6)  and  (7)  are  very  satisfactory,  while  those  for 
the  earlier  formulae  could  be  greatly  improved  by  taking  n  at 
a  multiple  of  its  minimum  value.  According  to  Bertrand, 
Gauss's  formula  for  71=4  gives  a  result  which  is  too  small  by  3 
units  in  the  seventh  place,  and  thus  tested  it  is  intermediate  in 
accuracy  between  (5)  and  (6).* 

•Rather  ctuionslj  Weddle's  rule  applied  to  Bertrand's  problem  gives 
somewbat  better  results  than  (8).  Furthermore,  as  this  rule  is  deduced 
from  Newton's  interpolation  formula,  it  appears  to  err  only  by  a  small  frac- 
tion of  the  sixth  difference,  when  the  seventh  difference  is  negligible.  As 
here  deduced  from  Euler's  equation,  the  error  should  include  fifth  differ- 
ences. While  these  facts  are  not  incompatible,  the  relations  seem  to  need 
confirmation,  and  I  have  integrated  e^dx  from  »;=— 1  to  a;=2*6,  taking  A= 0*6 
and  using  vidues  of  e'  with  7  significant  figures.  By  a  separate  computation 
I  find  the  true  value  of  the  integral  to  be  13-09585  85938.  Weddle's  rule 
gives  a  value  which  is  too  great  by  0 '00064,  while  the  value  of  the  corrective 
term  given  in  this  paper  for  his  rule  is  0*00078,  or  about  9/8  of  the  real 
error.  Formula  (8)  gives  a  value  0*00016  too  great  or  1/4  of  the  error  of 
Weddle's  rule  and  2/3  as  great  as  the  value  of  the  derivative  term  in  (3). 
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As  an  application  of  the  f ormnlee  here  developed  I  maj  men- 
tion the  double  integral  of  the  probability  curve.  By  any  of 
the  more  accurate  formute  (2)  to  (7)  it  may  be  shown  that 

J  L  V  rr  J  J         V  K 


or 


/'"/■ 


.-«« 


dx  = 


1 


In  computing  it  7-place  values  from  Burgess's  table  were  taken 
and  the  result  obtained  coincided  with  l/y/~^  accurately  to  7 
places.    This  integral  is  of  ititerest  in  the  analysis  of  diffusion. 

Values  of  the  probability  integral  itself  are  commonly  arrived 
at  by  a  somewhat  intricate  process,  better  fitted  to  yield  a 
related  set  of  values  than  a  single  one.  By  the  formulse  given 
in  this  paper  applied  to  tables  of  <?-*  isolated  values  of  the  prob- 
ability integral  are  readily  determined.* 

To  many  experimental  physicists  calculus  is  a  thorn  in  the 
flesh  and  a  weariness  to  the  spirit,  partly,  no  doubt,  because 
they  so  constantly  have  to  deal  with  functions  whose  mathe- 
matical expression  is  unknown  or  uncertain.  I  take  leave  to 
suggest  that  mechanical  quadratures  may  serve  them  to  reach 
conclusions  which  mathematicians  would  obtain  more  elegantly 
but  in  a  less  obvious  way. 

But  it  appears  to  me  that  there  is  also  room  for  a  method- 
ical examination  by  mathematicians  of  the  applicability  of  for- 
mulse  such  as  are  developed  in  this  paper  to  tne  integration  of 
functions  which  can  not  be  integrated  in  "  finite  terms."  In 
such  an  inquiry  the  main  point  would  be  to  determine  for  each 
class  of  functions  the  limits  of  convergence  of  Euler's  series 
and  the  nature  of  the  substitutions  most  conducive  to  increase 
in  convergence.  I  hope  somebody  may  pursue  the  matter 
further. 

WaahiDgton,  D.  C,  April,  1911. 

*  For  a?=0-7,  Burgess's  table  (Trans.  R.  S.  Ed,,  vol.  mix,  1900,  p.  257) 
gives  a  value  of  the  probability  integral  greater  by  2  in  the  seventh  place 
than  that  assigned  to  it  in  Encke-s  table  (Asst.  Jahrbuch,  Berlin,  fur  1834). 
This  is  founded  on  Kramp's  table  (Analyse  des  refractions  astronomique  et 
terrestres,  Leipsic  et  Paris,  an  VII  [1779]  ),  and  has  been  adopted  by  Airy, 
Kelvin,  and  others.  A  physicist  not  familiar  with  the  history  of  these  tables 
might  wish  to  ascertain  which  value  is  correct,  and  this  may  be  accomplished 
by  the  help  of  (5).  With  ^=0*07,  seven-place  values  of  y=ze-^^  may  be 
taken  out  of  Smithsonian  Math.  Tables.  Integrating  by  (5)  and  multiplying 
by  2/  Vtt  gives  the  required  integral  at  0 '6778018,  which  is  Burgess's  value. 
If  a  computing  machine  is  available,  the  arithmetical  work  is  no  more 
extended  than  in  the  example  worked  out  in  a  previous  footnote,  and  it  re- 
quires no  mathematical  knowledge  beyond  that  required  for  interpolation 
to  one  additional  place  in  the  table  of  the  exponential,  so  that  a  schoolboy 
can  do  this  **  sum"  on  a  single  page  of  note  paper.  ^^  ^ 
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Abt.   XIIL — The  Comparative  Age  of  the  Hecent  Crinoid 
Jphtmas  :  by  Austin  Hobart  Clark. 

There  is  no  point  of  more  importance  in  the  study  of  recent 
zoogeographic  areas  than  the  determination  of  their  relative 
antiquity.  Such  a  study  must  necessarily  be  based  upon  theo- 
retical grounds ;  but  there  appear  to  be  certain  principles  by 
which  we  may,  if  we  are  sufficiently  cautious,  be  safely  guided. 
These  principles,  as  here  stated,  have  been  worked  out  chiefly 
through  a  study  of  the  crinoids,  though  they  appear  to  be  applic- 
able to  the  other  marine  groups,  and  probably  also  to  many 
terrestrial '  forms.  They  concern  the  faunas  solely  in  their 
physiological  phylogenetic  aspect,  disregarding  the  external 
influences  of  immediate  environment. 

It  must  be  borne  in  mind  that  faunal  values  vary  very  greatly 
in  each  class  of  animals,  and  often  in  the  several  orders  in  each 
class,  as  a  result  of  varying  reactions  to  physical,  chemical  and 
general  economic  environment.  For  instance,  sessile  or  flj^ed 
animals  would  in  each  locality  pass  through  a  definite  faunal 
cycle,  such  as  we  see  indicated  by  the  crinoids.  Among  pelagic 
animals,  on  the  other  hand,  or  among  animals  with  a  long  free- 
swimming  larval  stage,  faunal  areas  comparable  to  those  delimi- 
ted by  the  crinoids  scarcely  exist,  and  where  they  are  indicated 
faunal  cycles  cannot  be  snown  with  any  degree  of  certainty. 
This  is  due  to  the  continual  replenishing  of  areas,  either  directly 
or,  as  it  were,  by  relays  of  generations,  from  a  distant  source, 
which,  at  least  in  some  cases,  is  probably  correlated  with  a 
back  current  carrying  to  the  original  source  the  young  of  ani- 
mals which  for  many  generations  have  lived  in  a  distant  area. 
Thus  any  change  affecting  the  animals  in  any  particular  area 
would  be  extremely  slow  in  affecting  the  species  as  a  whole, 
for  it  would  be  dissipated  over  such  an  extent  of  faunal  terri- 
tory that  its  influence  would  be  largely  counteracted  before  it 
could  acquire  any  headway. 

Many  species  inhabiting  deep  or  cold  water  are  recognized 
as  the  deep  or  cold  water  forms  or  varieties  of  other  species 
living  in  shallow  water  near  shore.  It  is  probable  that  at  least 
in  some  of  these  cases  the  difference  may  be  caused  by  physio- 
logical changes  due  to  a  deep  or  to  a  cold  environment  acting 
upon  the  developing  young  of  a  single  generation,  something 
as  the  color  pattern  of  butterflies  is  changed  by  exposure  to  heat 
or  cold  at  the  time  of  pupation.  If  this  were  true,  such 
deep  or  cold  water  species  would  have  no  faunal  significance, 
no  matter  how  great  the  significance  of  species  associated  with 
them  might  be,  for  their  character  and  development  would  not 
be  due  to  anything  inherent  within  themselves,  but  would  be 
quite  dependent  upon  the  development  of  the  parent  species 
under  the  more  normal  conditions. 
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Every  marine  fauna  is  composed  of  more  or  less  permanently 
fixed  animals  (the  most  strictly  sessile  being  the  crinoids),  pnrely 
pelagic  animals,  and  animals  representing  all  the  intermediate 
stages.  Each  class  probably  has  a  special  faunal  cycle  of  its 
own  independent  of  all  the  others,  and  independent  of  the  sys- 
tematic affinities  of  each  of  the  species  included  in  it. 

Therefore,  to  apply  the  principles  governing  the  develop- 
ment of  faunas  to  a  given  fauna,  we  must  first  of  all  be  famil- 
iar with  the  life  history  of  each  of  the  component  types,  and 
of  the  scope  of  its  tolerance  to  changed  conditions,  most 
weight  beinff  given  to  the  facts  indicatea  by  the  most  strictly 
sessne  animals  and  those  most  intolerant  of  any  change  in  their 
environment  (among  recent  forms  the  crinoids),  and  the  least 
to  those  pelagic  species  which  appear  capable  of  existing  any- 
where. 

Faunas,  like  individuals,  species  and  genera,  pass  through  a 
period  of  youth,  of  adolescence,  of  maturity,  and  of  senescence. 

In  a  very  young  fauna  the  various  genera  are  represented  by 
several  species  each,  and  each  of  these  species  is  very  variable  ; 
all  of  the  species  are  near  the  mean  in  their  respective  genera, 
none  being  highly  specialized  and  none  retrogressive. 

Introduced  species  which  become  acclimated  and  thrive  in 
their  new  surroundings  are  found  to  be,  where  they  have  been 
studied,  exceedingly  variable.  This  is  equally  true  in  regard 
to  fish,  birds,  mammals,  molluscs  and  insects,  and  probably 
holds  good  throughout  the  animal  kingdom.  We  have  numer- 
ous illustrations  of  this  in  such  animals  as  have  been  intro- 
duced into  North  America  from  Europe,  Africa  and  Asia. 

A  young  fauna  is  in  effect  a  fauna  composed  of  species  all  of 
which  are  recently  introduced,  and  all  of  which,  maintaining 
themselves  under  optimum  conditions,  with  a  minimum  of 
parasites  and  a  maximum  of  food,  are  able  greatly  to  increase 
their  coefficient  of  variation. 

Such  a  fauna  we  appear  to  have  in  the  Bering  Sea.  The 
crinoids  of  the  shallower  waters  here  are  abundant,  but  all  the 
species,  which  are  very  variable,  belong  to  the  genus  Solano- 
metra^  an  intrusion  from  the  antarctic  regions.  Of  the  other 
echinoderms  the  starfish  present  a  wealth  of  forms  maddening 
to  the  systematist ;  the  number  of  varieties  and  incipient  and 
valid  species  produced  from  the  Ctenodiacxia^  Rippa^teriay 
Solaatsr^  Henriciay  and  other  types,  is  almost  incredible. 
Conditions  are  the  same  among  the  echinoids,  and  among  the 
ophiuroids,  and  apparently  among  many,  if  not  most,  other 
animal  groups  as  well.  Yet  with  all  this  variability  there  is 
but  a  slight  tendency  to  produce  pathological,  defective,  or 
unbalanced  types,  types  which  depart  widely  from  the  genera 
mean  as  calculated  from  a  study  of  the  same  genera  in  other 
areas. 
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Although  the  Bering  Sea  fauna  is  the  nearest  approach  to  a 
young  fauna  which  can  be  found,  yet  there  are  a  few  distinct- 
ive genera  which  show  an  approach  to  the  next  epoch  of  f  aunal 
existence. 

So  far  as  the  crinoids  are  concerned,  the  antarctic  region  is 
very  young ;  here  we  have  Solcmometra  and  PromachocrimLs 
(the  latter  merely  differing  from  it  in  the  doubling  of  all  the 
radials),  each  with  several  very  variable  species,  though  none 
so  variable  as  the  Bering  Sea  representatives  of  the  same  group. 

Adolescent  faunas  exhibit  a  comparative  stability  of  specihc 
types,  coupled  with  the  incipient  formation  of  new  genera  as  a 
result  of  a  growing  tendency  of  the  species  to  depart  widely 
from  the  generic  mean. 

The  crinoid  fauna  of  southern  Japan  might  be  considered  as 
an  adolescent  fauna;  here  we  iind  many  genera  including 
several  species,  each  very  stable  and  showing  comparatively 
little  variation,  such  as  datoptometra^  Comanthus^  iyichrome- 
tra,  Parametral  Pectinometra^  Thaumatometra^  and  Penta- 
metrocrinuSy  while  Erythrometra^  Nanometra^  Calometra^ 
Carpenterocrinua  and  Phrynocrinus  are  not  known  elsewhere, 
though  the  two  last,  being  from  deep  water,  probably  occur  to 
the  southward. 

In  mature  faunas  the  species  are  fixed,  save  only  for  the 
species  at  the  mean  of  each  genus,  which  always  remains  vari- 
able, and  new  generic  types  are  found  which  have  become 
separated  off  from  the  parent  genera  through  the  suppression 
of  intermediates,  or  have  arisen  by  discontinuous  variation.  As 
a  result  of  the  formation  of  these  new  generic  types,  the  num- 
ber of  species  in  each  genus  is  diminished,  and  the  species  are 
found  to  approach  more  or  less  closely  the  means  of  the  origi- 
nal genera,  or  the  means  of  the  genera  newly  formed. 

The  West  Indian  crinoid  fauna  appears  to  be  approximately 
a  mature  fauna.  It  contains  a  number  of  peculiar  genera, 
such  as  Hypalometra^  Coccometra^  Leptonemaster^  Comatilia, 
MicrocomMula^  and  Analcidometra^  while  almost  all  of  the 
East  Indian  genera  which  occur  here  liave  become  more  or  less 
differentiated  from  the  original  stock,  forming  new  genera 
parallel  to  the  original  East  Indian  types.  In  several  cases 
single  East  Indian  genera  have  given  rise  to  two  or  more 
West  Indian  genera,  as  Comissia^  from  which  Comatilia^ 
Microcomatula^  and  Leptonemaster  appear  to  have  been 
derived,  as  well  as  two  other  genera  which  up  to  now  have 
remained  undescribed. 

Senescent  faunas  have  lost  a  considerable  proportion  of  the 
genera  which  they  possessed  at  maturity  ;  the  genera  which 
remain  include  aberrant  species  in  which  certain  characters 
have  become  greatly  exaggerated,  giving  those  species  a  curi- 
ously unbalanced  appearance.     There  is  typically  but  a  single 
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species  in  each  genus ;  but  there  may  be  two  or  more,  each 
with  a  different  set  of  characters  exaggerated,  in  which  case 
they  are  usually  treated  as  aberrant  raonotypic  genera. 

The  Australian  crinoid  fauna  is  a  perfect  example  of  a  senes- 
cent fauna.  It  includes  about  fifty  species,  nearly  all  of  which 
are  remarkable  for  the  grotesque  exaggeration  of  their  specific 
characters.  Even  in  certain  wide-ranging  forms,  as  Comatvla 
solarisy  Australian  specimens  have  their  characters  greatly 
increased  over  those  irom  other  regions. 

Some  examples  of  this  exaggeration  of  the  specific  charac- 
ters which  make  the  Australian  crinoid  fauna  unicjue  are :  the 
secondary  development  of  biserial  arms,  indicated  in  Comatu^ 
lella  hrachiolata^  but  not  known  outside  of  tJiat  genus,  which 
is  confined  to  southern  Australia ;  the  development  of  exces- 
sively short  cirrus  segments  and  pinnules,  also  peculiar  to  this 
genus ;  the  development  of  very  slender  cirri  in  a  comasterid, 
only  found  in  Comanthua  trichoptera  from  southern  Australia ; 
the  development  of  twenty  armed  species  of  the  normally  ten 
armed  genus  C&matula  ;  the  occurrence  of  heterotomous  arm 
division,  unique  among  the  comatulids,  in  the  same  genus ;  the 
development  of  enormous  processes  on  the  pinnule  segments, 
seen  in  Cmnanikina  helli  and  Oligometra  carvefiteri,  represent- 
ing two  widely  different  families ;  the  development  of  a  very 
large  centrodorsal  bearing  cirri  irregularly  arranged  in  a  genus 
of  ThalassometridsB,  Ptitometra  ;  excessive  reduction  of  mus- 
culature in  the  same  family,  illustrated  by  the  same  exclusively 
Australian  genus ;  incipient  suppression  of  side,  covering,  and 
other  perisomic  plates,  seen  in  the  same  genus ;  extraordinary 
development  of  interradial  plates  in  adult  comasterids,  as  seen 
in  Comanthina  helli  and  Comaster  multijida  ;  complete  plat- 
ing of  the  disk,  dissociated  from  the  development  of  side  and 
covering  of  plates,  as  seen  in  Zygometra  elegans^  Z.  miorodis- 
eu8  and  Z.  multiradiaUi ;  greatly  enlarged  lower  pinnules  in 
a  zygometrid,  as  seen  in  Z.  micwdiscus ;  very  small  lower 
pinnules  in  a  zygometrid,  as  seen  in  Z,  mxdth'odiata  ;  aberrant 
zygometrid  arm  division,  as  seen  in  Z.  elegans, 

A  pathological  fauna  may  resemble  a  senescent  fauna  in  its 
general  facies ;  but  in  a  pathological  fauna  all  the  species, 
besides  being  aberrant,  are  excessively  variable,  which  is  never 
the  case  in  a  senescent  fauna.  Pathological  faunas  occur 
usually  on  the  limits  of  faunal  areas,  or  on  the  boundary 
between  two  very  different  faunal  areas,  and  are  composed  in 
the  latter  of  intrusive  species  from  both  the  adjacent  areas. 
Many  of  the  animals  in  Massachusetts  Bay,  at  least  in  the 
southern  part,  indicate  a  pathological  fauna.  This  is  shown  by 
a  study  of  the  local  species  of  almost  any  of  the  echinoderms, 
which  exhibit  an  unusually  large  proportion  of  abnormalities 
and  aberrant  variants  of  all  sorts. 
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Occasionally  fannas  are  found  which  combine  the  character- 
istics of  two  or  more  of  the  stages  described  above ;  these  are 
rejuvenated  faunas,  fannas  wnich  have  progressed  to  the 
extreme  point  indicated  (or  perhaps  slightly  further)  and  then 
have  been  subjected  to  some  change  in  environmental  condi- 
tions which  has  served  as  a  stimulus,  and  set  a  greater  or 
lesser  part  of  the  fauna  some  distance  back  along  the  phylo- 
genetic  faunal  path. 

Such  a  fauna  we  find  indicated  by  the  crinoids  about  the 
shores  of  the  large  East  Indian  Islands ;  some  of  these  approach, 
in  the  exaggeration  of  their  specific  characters,  the  Australian 
species,  while  others  are  very  generalized,  with  several  closely 
related  species.  The  crinoid  fauna  of  western  Europe  is  also 
a  rejuvenated  fauna;  it  is  composed  of  two  genera,  Antedon 
and  Leptovfheira^  both  very  close  to  East  Indian  genera,  the 
former  with  live  species,  three  highly  specialized  and  two 
primitive,  the  latter  including  two  species,  one  specialized  and 
one  more  primitive ;  in  each  case  the  more  primitive  species 
occur  in  the  Mediterranean. 

It  is  possible  to  analyze  a  fauna  on  the  basis  of  a  single  char- 
acter in  a  group.  Let  us  take,  for  instance,  the  character  of 
the  centrodorsal  in  the  Comasteridse.  This  organ  dijQFers  in  the 
several  genera  and  species  composing  the  family  only  in  the 
degree  of  specialization,  the  developmental  lines  being  every- 
where the  same.  In  some  species,  as  in  Comanthus  hennetti^ 
the  centrodorsal  always  remains  essentially  as  in  the  young, 
but  increases  in  size  throughout  the  life  of  the  individual. 
Usually,  however,  resorption  takes  place  at  the  dorsal  pole 
which  is  gradually  planed  off,  as  it  were,  so  that  the  centrodor- 
sal cJiangesfrom  the  primitive  hemispherical  form  and  becomes 
discoidal,  the  rows  of  cirri  dropping  off  as  the  sockets  are 
resorbed.  In  extreme  cases  the  resorption  results  in  reducing 
the  centrodorsal  to  a  thin  stellate  plate,  without  any  traces  of 
cirrus  sockets,  countersunk  within  the  center  of  the  dorsal  sur- 
face of  the  radial  pentagon. 

We  may  arrange  all  comasterid  centrodorsals  in  a  linear 
series,  calling  the  least  developed  {Comanthus  hennetti)  type 
A,  and  the  atrophied  stellate  disk  D,  B,  and  0  denoting  inter- 
mediate stages. 

Now  the  species  of  the  Australian  fauna  have  centrodorsals 
which  run  from  A  to  D,  but  with  especial  emphasis  on  the  D ; 
the  species  of  the  East  Indian  fauna  also  run  from  A  to  D,  but 
the  emphasis  is  between  B  and  C ;  the  Japanese  species  run 
from  A  to  C,  with  especial  emphasis  at  B ;  the  West  Indian 
and  east  African  species  are  confined  between  B  and  C.  This 
holds  good  regardless  of  the  subfamily  or  genus  to  which  the 
species  may  belong,  and  exactly  the  same  thing  may  be  worked 
out  in  regard  to  other  characters  in  this  family,  and  with  other 
characters  in  other  families. 
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The  recents  crinoids  of  the  Australian  coasts  are  evidently 
senescent;  they  unmistakably  indicate  very  great  age.  So 
complete,  in  fact,  is  this  senescence  that  almost  every  species 
is  affected.  The  crinoids  of  Australia  came  from  the  north- 
ward, from  the  great  East  Indian  archipelago ;  but  here  con- 
tinual changes  in  the  distribution  of  the  land  and  sea  have  con- 
stantly rejuvenated  the  fauna  so  that  none  of  its  component 
species  has  been  permitted  to  drift  into  the  peaceful  old  age 
so  obvious  in  almost  all  the  species  along  the  Australian  shores. 

The  fossil  crinoids  of  Europe  (belongmg  to  genera  still  exist- 
ing) appear  to  be  senescent ;  but  they  are  no  more  so,  if  as 
much,  as  are  the  recent  crinoids  of  Australia.  Judging  from 
the  evidence  offered  by  the  recent  forms  alone,  the  European 
crinoids  reached  the  European  seas  by  passage  from  what  is 
now  the  Bay  of  Bengal  north  of  what  is  now  India.  It  was 
probably  before  this  that  the  same  genera  spread  southward 
from  the  parent  central  East  Indian  region  to  Australia. 

The  crinoids  of  southeastern  Africa  represent  a  compara- 
tively young  fauna;  they  must  have  reached  their  present 
habitat  by  passage  southwestward  from  Ceylon  along  a  land 
bridge  since  submerged ;  but  few  of  them  have  as  yet  entered 
the  Arabian  Sea. 

The  West  Indian  fauna  is  younger  again  than  that  of  the 
southeastern  shores  of  Africa,  from  which  it  was  derived.  It 
must  have  reached  the  West  Indies  by  following  a  land  which 
extended  from  Madagascar  to  the  Antilles,  north  of  what  is 
now  southern  Africa. 

The  fauna  of  southern  Japan  is  very  young,  apparently 
younger  than  that  of  the  West  Indies. 

The  central  sea  connecting  the  Bay  of  Bengal  with  cen- 
tral Europe  had  an  arm  stretching  northward  across  flussia. 
Certain  adaptable  genera,  becoming  acclimated,  followed  this 
arm  northward  and  gave  rise  to  the  present  arctic  fauna. 
More  recently  one  of  these  arctic  genera  has  spread  southward 
over  the  north  Atlantic. 

At  a  considerably  later  date  a  connection  was  formed  whereby 
the  East  Indian  crinoids,  becoming  slowly  acclimated,  reached 
the  antarctic  regions.  There  was  also  a  connection  between 
the  antarctic  regions  and  southern  South  America,  whereby 
these  forms  secured  a  foothold  on  the  western  coast  of  that 
continent,  spreading  rapidly  northward  to  the  Aleutian  Islands 
(dipping  downward  into  deep  water  when  passing  under  the 
tropics),  and  thence  southward  along  the  eastern  coast  of  Japan, 
as  far  as  Tokyo  Bay. 

Thia  antarctic  fauna  is  apparently  the  youngest  of  all  the 
recent  faunas,  and  the  evidence  of  youth  increases  as  we  go 
northward  along  the  west  American  coast. 

U.  S.  National  Museum,  Washington,  D.  C. 
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Abt.  XIV. — A   Study  of  Same  American  Fossil   Cycads. 
Part  F.*    Further  l^otes  on  Seed  Structures  /  by  G.  R. 

WlKLAND. 

[Preliminary  publication  by  permission  of  the  Carnegie  Inatitntion  of 
Washington.] 

Mainly  in  recent  years  through  the  continued  stndy  of  the 
wealth  of  fossil  nlants  in  the  remarkable  calcareous  nodules  or 
"  coal  balls"  of  the  Coal  measnres  of  England  by  the  English 
group  of  Paleobotanists,  has  the  list  of  ancient  seeds  illustrated 
in  detail  become  a  long  one.  In  fact,  material  has  so  augmented 
as  to  make  the  investigation  of  fossil  seeds  a  subject  of  consid- 
erable scope  and  even  unique  fascination  and  promise. 

So  far,  nowever,  the  best  known  old  seed  types  are  chiefly 
gymnospermousand  Paleozoic  with  the  notable  exception  of  the 
Mesozoic  Cycadeoideas.  But  fortunately  whatever  the  latter 
lack  by  reason  of  isolation  they  more  than  make  up  by  abundance 
and  exquisite  preservation  in  a  half  dozen  different  species. 
Not  only  is  the  structural  representation  ample,  but  the  num- 
ber of  mature  strobili  now  runs  into  the  thousands.  In  fact 
the  subject  of  Cycadeoidean  seeds  has  assumed  a  continuous 
interest.  For  in"^  addition  to  the  mature  seeds  we  have  the 
seeds  well  outlined  in  many  young  strobili  varying  in  size  all 
the  way  from  a  pea  to  a  small  pear,  as  well  as  a  proembryonic 
stage, considered  present  in  one  form  {Gycadeoidea  Macbridei  ? 
Y.  S.  131) ;  while  the  fully  developed  dicotyledonous  embryos 
are  finely  conserved  and  have  now  been  seen  by  thousands ! 

Yet  for  a  number  of  years  following  Carruthers'  (1)  descrip- 
tion of  Bennettites  Gihsoinanus  such  material  seemed  exceed- 
ingly rare,  and  it  was  not  until  1894  that  the  isolated  fruit 
Bennettites  (Williamsoiiia)  Morierei  (found  by  Mori^re  in^ 
1865)  was  finally  described  by  Lignier  (3)  in  a  memoir  which 
still  retains  its  place  as  the  most  accurate  detailed  account  of 
the  Cycadeoidean  seeds  so  far  given.  Five  years  later  the  first 
observation  of  seed  cones  on  American  trunks  was  announced 
by  Ward  (6)  and  Wieland  (6),  while  in  the  latter's  volume  on 
American  Fossil  Cycads  (8)  a  glimpse  was  had  for  the  first 
time  of  the  great  extent  and  variety  of  ovulate  fructification  in 
the  American  species. 

And  now,  as  if  nature  designed  for  the  student  of  gymno- 
spermous  seeds  "  a  beauty  beyond  compare,"  there  has  recently 
been  found  near  Hermosa  m  the  eastern  Black  Hills  Rim,  by 
Doctor  Darton  of  the  U.  S.  Geological  Survey,  half  of  a  truly 
monocarpic  trunk  now  in  the  collections  of  the  U.  S.  National 

*  Parts  l-III  of  these  studies  appeared  serially  in  this  Journal  for  March, 
April,  and  May,  1809.  and  Part  I V  in  June.  1901. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  188.— August,  1911. 
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Museum.  Even  as  illustrated  by  Professors  Coulter  and 
Chamberlain  in  their  new  book  on  the  Morphology  of  Gym- 
nosperms,  in  only  a  single  small  text  figure  this  specimen 
shows  something  of  its  extraordinary  characters.  But  on 
inspecting  the  original,  one  can  have  but  the  single  first 
thought — that  the  fossil  record  can  become  rich  indeed  I 

From  the  sections  of  the  Boulder  (Colorado)  trunk  Oycade- 
oidea  nigra^  made  some  years  ago,  it  was  determined  that  a 
peduncle  was  present  in  every  leaf -base  axil,  but  the  fruits  had 
protruded  beyond  the  zone  of  silicification.  The  general 
resemblance  of  this  form  to  the  Italian  Cycadeoidea  Masaeiana 
was  pointed  out  in  my  American  Fossil  Cycads ;  and  moi-e 
recently  we  have  been  enabled,  through  the  interest  of  Capel- 
lini,  to  cut  sections  from  this  Italian  type  proving  that  it 
belongs  to  the  series  with  fruits  in  every  leaf-base  axil,  except 
that  these  fruits  are  very  young.  So,  too,  it  was  pointed  out 
that  in  Cycadeoidea  Stantoni  axillary  buds  complement  the 
entire  leaf -base  series.  But  though  it  "was  thus  observed  that 
in  Italy,  in  the  Black  Hills,  in  California  trunks  of  monocarpic 
habit  were  characteristic  members  of  the  Cycadeoidese  and 
doubtless  could  be  conserved  with  all  their  fruits,  none  of  the 
known  localities  gave  much  promise  of  yielding  such  an  unique 
and  marvellous  fossil. 

However  only  a  casual  examination  of  the  Darton  specimen 
showed  it  to  have  small-sized  but  evidetitly  quite  mature  seed 
cones  but  little  different  from  those  of  0,  Wieland%  in  the 
axil  of  most  leaf-bases  far  up  towards  the  apex  of  the  trunk, 
and  apparently  occupying  all  of  the  lateral  trunk  surface  that 
ever  would  be  available  for  the  production  of  fruits.  At  least 
no  trunks  are  known  with  old  peduncles  in  the  basal  region 
and  a  clearly  young  series  of  fruits  above,  while  the  trunk  C 
turrita,  illustrated  in  American  Fossil  Cycads,  Plate  V,  fig.  5, 
with  the  regularity  of  its  leaf-base  spirals  disturbed  by  but  a 
single  ovulate  cone  was  at  once  recalled. 

On  plotting  the  lateral  surface  of  the  Hermosa  specimen  it 
at  once  became  evident  that  even  the  half  trunk  as  collected 
bears  from  500  to  600  ovulate  cones,  thus  exceeding  all 
records  in  fossil  plants  ;  and  on  cutting  sections  from  a  portion 
of  the  armor,  which  I  was  kindly  permitted  to  break  away  for 
examination,  so  far  as  bearing  on  my  comparative  studies,  the 
conclusion  from  the  microscopic  examination  was  fully  con- 
firmed. 

That  the  armor  portion  selected,  though  completely  coated 
over  with  lime,  must  contain  concealed  fruits  was  confidently 
expected.  None  the  less  the  surpassing  beauty  of  the  sections 
obtained  was  scarcely  anticipated.  The  first  section  cut,  a 
transverse  one,  showed  the  entire  lateral  surface  to  be  occupied 
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V 

by  strobili,  as  it  revealed  three  entire  and  two  nearly  entire 
axillary  ovulate  strobili,  with  but  two  of  the  five  comple- 
mentary leaf-bases ;  and  with  the  cones  thns  located  an  equa- 
torial armor  section  was  at  once  cut  through  the  summits  of 
three  adjacent  ovulate  cones.  In  all  the  cones  the  mineralizar 
tion  is,  after  the  manner  of  silicification,  not  so  distinct  as 
calcification,  but  yet  excellent,  and  nearly  every  seed  contains 
a  mature  embryo,  not  so  well  conserved  as  those  of  Yale  trunk 
131,*  but  yet  showing  quite  satisfactorily  the  character  of  the 
embryonic  tissues.  Especially  valuable  for  purposes  of  com- 
parison are  these  embryod,  because  little  shrunken,  and  with 
the  epidermal  cells  nearly  always  inore  or  less  distinct.  Other 
sections  of  Cycadeoidea  embryos  showing  more  of  detail  we 
have  in  abundance,  but  none  more  beautiful  than  these. 

In  continuing  the  elaboration  of  material  for  the  volume  on 
the  Taxonomy  of  the  American  Fossil  Cycads,  now  in  course 
of  preparation  under  the  auspices  of  the  Carnegie  Institution 
of  Washington,  many  new  strobili  have  been  cut  during  the 
past  year.  Also,  in  addition  to  the  strobili  cut  from  the  new 
Black  Hills  trunk,  I  have  made  seed  sections  of  Bennettites 
Giisonianus  of  the  Isle  of  Wight,  and  already  had  at  hand  the 
sections  of  Ben7iettites  Morierei  obtained  from  Professor 
Lignier  as  related  in  my  American  Fossil  Cycads.  In  short, 
there  has  thus  been  brought  together  a  representation  of  all  the 
forms  so  far  known ;  and  on  the  basis  of  this  complete  repre- 
sentation it  has  been  found  very  desirable  to  simplify  ideas  of 
the  structure  of  the  testa  in  the  Cycadeoideae,  not  alone  for  the 
purpose  of  forwarding  present  studies,  but  of  making  the 
paleobotanic  text  on  this  subject  short  and  satisfactory. 

As  is  always  inevitable  in  the  case  of  a  complex  fossil  plant 
structure,  the  diflFerent  types  of  mineralization,  in  this  instance 
nature's  own  variation  of  her  staining  and  imbedding 
methods  (!),  result  in  slightly  different  interpretations  in  the 
hands  of  different  investigators.  What  with  this  factor  and 
different  modes  of  illustration  or  study  of  areas  and  features 
seldom  taken  from  the  same  region  of  a  seed,  or  showing  varia- 
tion of  a  given  region  in  one  and  the  same  seed,  it  becomes  all 
too  easy  to  suspect  greater  differences  in  even  a  small  group  of 
species  than  actually  exist;  while  meantime  certain  salient 
features  are  likewise  easily  overlooked.  So  it  has  proven  in 
the  case  of  the  cycads,  though  of  simple  enough  structure  on 
closer  study.  In  order,  consequently,  to  bring  out  a  funda- 
mentally clear  comparison  of  all  the  seeds,  American  as  well 
as  European,  showing  the  best  testal  conservation,  camera 
lucida  cirawings  have  been  made  of  longitudinal  sections  at  a 
^innstrateil  in  American  Fossil  Cycads,  Plate  XXII. 
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point  about  one-third  of  the  distance  from  the  base  to  the  tip 
as  reproduced  in  figures  2  and  4.  Before  taking  up  these, 
however,  it  is  highly  desirable  to  briefly  recall  the  several  inter- 
pretations of  the  Cycadeoidea  testa. 

According  to  Carruthers'  (1)  original  study  given  forty  years 
ago: 

"  In  JBenneUites  Gibsonianus  ,  .  .  Two  envelopes  enclose  the 
albumen  and  embryo.  The  outer  envelope  or  testa,  consists  of  a 
thin  layer  of  delicate  elongated  cells  ;  the  inner  is  composed  of  a 
single  layer  of  oblong  cells  arranged  with  the  longest  diameter  at 
right  angles  to  the  walls,  and  indurated  by  a  considerable  amount 
of  secondary  deposits.  .  .  .  two  coverings  were  produced 
upwards  into  a  tubular  exostome  or  styliform  process  .  .  . 
spread  out  like  a  stigma  in  the  upper  surface  of  the  pericarp." 

In  this  description  and  illustration  of  the  general  features  of 
the  seed  the  layer  of  collapsed  fleshy  cells  immediately  beneath 
the  indurated  layer  is  not  mentioned,  Carruthers  then  going 
on  to  say  that, 

'^  Enclosed  by  these  envelopes  is  the  nucleus  with  its  mem- 
branous covering  and  abundant  albumen  .  .  .  the  subrectangnlar 
cells  of  which  are  obvious  in  several  seeds.  .  .  .  The  albumen 
was  solid  behind  the  embryo  but  was  divided  from  top  to 
bottom  down  its  center,  in  front  of  the  embryo." 

Here  we  have  unmistakably  clear  allusion  to  embryonic 
features  and  tissue ;  for  the  supposedly  albuminous  "  subrec- 
tangnlar cells"  are  simply  the  cotyledonary  epidermis  and 
mesophyll,  uniform  in  appearance  and  peculiarities  of  preserva- 
tion, in  the  embryos  of  jSennettites  Gibsonianus^  B.  Morierei 
and  several  American  specimens,  all  known  in  satisfactory  detail. 

In  the  next  description  of  these  cycad  seeds,  that  of  Solms- 
Laubach  (1890),  the  embryos  were,  however,  clearly  recog^ 
nized,  and  the  testal  structure  described  as  follows : 

''Three  distinct  testal  regions  are  to  be  noted,  a  basal,  middle 
and  apical. 

"  In  the  middle  region  of  the  seed  the  testa  is  closely  appressed 
to  the  nucular  membrane,  and  wherever  well  conserved  three 
distinct  layers  may  be  recognized,  the  middle  layer  of  which  is 
simply  a  single  stratum  of  short  prismatic  palisaded  thick- 
walled,  dark-brown  cells;  while  the  mner  and  outer  layers  con- 
sist in  several  thicknesses  of  rather  small  thin -walled  tissue. 

"  The  tissue  of  the  inner  layer  is  mostly  crushed  and  indistinct, 
while  that  of  the  outer  layer  appears  as  a  light  area  following 
the  palisade  layer,  and  finally  passes  over  into  more  or  less  dis- 
tinctly confluent  growth  with  the  walls  of  the  seed  cavity.  At 
least  a  distinct  boundary  appears  but  discontinuously.  .  .  . 
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^'  In  the  apical  region  of  the  seed  the  testal  layers  were  found 
most  diflScult  to  delimit  owing  to  a  lack  of  sections  traversing  the 
lon^  and  slender  micropylar  tube  in  the  true  median  longitudinal 
position,  and  the  large  amount  of  pyrite  investing  the  peripheral 
tissues  of  the  strobilus  in  irregular  areas." 

In  no  form  are  the  testal  features  conserved  with  more  of 
diagrammatic  clearness  tb&n  in  the  French  specimen  Bennet- 
tites  Morierei^  Lignier's  description  of  whicn  soon  followed 
that  of  Solms  as  already  mentioned.  In  fact  the  seeds  of  this 
isolated  strobilus  are  conserved  in  such  unrivalled  perfection 
as  to  leave  nothing  more  to  be  desired  except  the  recovery  of 
a  second  example,  and  make  ns  anxiously  ask  if  French  col- 
lectors have  really  sought  for  further  material  in  the  original 
locality  as  diligently  as  they  might  From  the  description  of 
Lignier  (1894)  which  enters  into  much  detail  we  need  not, 
however,  ouote  in  full  in  the  absence  of  a  series  of  photomicro- 
graphs. Though  before  passing  on  to  the  American  seeds  it 
should  be  mentioned  that  the  limiting  region  between  the 
seeds  and  surrounding  scale-formed  seed  pit,  which  as  we  have 
just  seen  Solms  found  difficult  to  see  in  B.  Gibsonianus,  is 
always  distinct  in  B.  Morierei.  In  any  of  the  sections  from 
the  latter  one  may  clearly  see  that  the  appearance,  as  of  a 
peripheral  confluent  growth  of  the  seed  wall  with  the  inter- 
seminal  scales,  is  due  to  appression  and  the  failure  of  the  scales 
in  places  to  develop  their  epidermal  layer  continuously. 
There  thus  arises  a  pinching  out  into  a  single  ribbon-like  layer 
of  interseminal  epidermis  appressed  closely  to  the  very  outer- 
most cells  of  the  seed.  The  condition  does,  however,  show 
how,  as  the  result  of  close  growth  and  suppression  of  epider- 
mal cells,  a  form  of  intergrowth  could  easily  arise.  Quite  the 
only  structural  feature  of  the  testal  wall  that  Lignier  leaves  in 
doubt  is  the  nature  of  the  middle  layer,  whether  stouy,  or,  as 
he  is  inclined  to  believe,  fleshy.  On  this  point  it  is,  however, 
reserved  for  the  American  species  to  throw  a  clear  light,  and 
to  comparisons  with  them  we  may  now  turn. 

Comparison  of  testal  structure  in  the  American  and  European 
Cyvadeoidean  seeds* 

On  comparing  the  descriptions  of  the  testa  already  quoted, 
namely  those  of  Carruthers  (1),  Solms  (2),  and  Lignier  (3), 
with  each  other,  and  with  those  given  for  the  American  seeds 
by  the  writer,  a  most  substantial  agreement  within  strict 
generic  limits  will  be  found  and  the  differences  due  to  couser- 

*  In  these  compuriaons  the  names  of  testal  features  and  seed  parts  proposed 
by  Oliver  and  Salisbnrv  (11)  are  employed,  having  been  fonnd  convenient 
and  usable,  while  a  close  reading  of  the  present  text  will  disclose  one  or  two 
extensions  of  this  necessary  nomenclature  of  use. 
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Fio.  1. 


xscet 


Fig.  1.    Bennettiies  Morihrei  type  (Sap.  et  Mar.),     x  75. 
TraDBverse  section  of  seed  stem  traversing  point  of  greatest  constriction 
exactly  where  expansion  into  the  hilo-chalazal  region  begins  (Camera  Incida 
drawing  reduced  from  x  280). 


Xy  xylem  or  central  tracheid  region 
surrounded  by  stem  ground  tissue ; 
P,  small  celled  outer  ground  tissue ; 
C.  stained  layer  =  **  assize  cotor^e"  ; 


Af  imbricate    to    pleated    layer  = 

^^  assize  pliss4e''^\ 
T,   tubular  cells  of  cortical  region 
forming  exterior  of  seed   stem, 
and  basal  husk  of  seed  ; 
Ey  outer  woody  layer  of  the  enveloping  interseminal  scales. 

As  connoted  the  layer  E  is  the  ligneous  epidermis  of  the  five  to  six  inter- 
seminal scales  which  completely  enclose  the  seed-stem,  being  thus  no  true 
part  of  the  testa,  though  often  splitting  off  with  the  seed,  and  sometimes 
approximating  a  confluent  growth. 

The  elemente  of  the  testa  here  appear  in  their  simplest  form,  the  section 
passing  precisely  through  the  transition  region  where  the  radio-symmetric 
seed-stem  handle  passes  over  into  the  seed-base  and  testal  structures.  The 
xylem  (X)  is  exactly  on  the  point  of  expanding  to  form  the  cup-shaped  base 
of  scalariform  tracheidal  tissue  supporting  the  nucellus,  though  still  deeply 
enclosed  by  the  fundamental  tissue  of  the  seed  stem.  In  the  mass  of  the 
latter,  however,  various  resin  cells  characteristic  of  coniferous  seed-base 
tissue  {Sequoia^  etc.)  begin  to  appear,  and  peripheral  groups  of  small  cells 
basal  to  the  inner  flesh  lie  next  to  the  conspicuous  zone  of  resin  filled  cells 
(C).  The  latter  gives  origin  to  the  middle  zone  of  the  testa  and  is  strictly 
homologous  with  the  gymnospermous  ^'middle  stone, '^  though  taking  pre- 
cisely the  same  minersa  stain  as  the  resinons  cells  scattered  in  the  ground 
tissue  aboat  X,  The  third  concentric  layer,  A,  also  a  single  cell  in  thick- 
ness, must  be  the  continuation  of  the  endodermis  of  the  seed -stem  bundle  ; 
it  gives  rise  to  the  true  outer  flesh  analogue,  in  this  seed  none  other  than  the 
so-called  **  blow  off"  layer  of  the  Carboniferous  seed  ferns.  Finally  the 
rapidly  thinning  and  fraying  zone  of  large,  stringy  tubular  cells  ( T)  is  noted 
as  the  well-conserved  continuation  of  the  cortical  region  of  the  seed  stems, 
which  takes  origin  on  the  strobilar  receptacle  as  a  much  thicker  zone  of  small 
cells. 

(From  a  section  cut  by  Professor  Lignier.) 
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vation  will  fnlly  appear,  if  these  two  explanatory  paragraphs 
be  boroe  in  mind : 

Firstly, — The  comparative  study  of  all  the  known  Cyead- 
eoidea  seeds  and  a  fairly  extensive  list  of  existing  gymnospenn 
seeds,  shows  that  the  middle  layer  of  the  seed  wall  is  essentially 
a  stony,  rather  than  a  merely  indurated  or  suberous  layer,  and 
much  thicker  in  Benneitites  Morierei  than  in  any  American 
species.  Professor  Lignier's  description  of  this  layer  as  fleshy 
was  given  with  some  reservation,  and  it  is  merely  necessary  to 
note  that  the  stony  layer  shows  varying  degrees  of  induration 
in  allied  species,  throughout  the  gymnospermous  series. 

Secondly, — In  referring  to  the  writer's  own  desci:iptions  of 
testal  structure,  as  given  in  his  American  Fossil  Cycads  with 
too  few  figures,  all  stress  must  be  laid  upon  the  fact  that  the 
seed  is  there  spoken  of  as  it  probably  appeared  on  splitting 
loose — as  a  shed  seed — and  that  the  form  primarily  dealt  with 
is  Cycadeoidea  Wielandiy  which  has  only  traces  of  ribbing  and 
now  proves  to  have  the  most  reduced  testal  structure  known, 
being  almost,  or  wholly,  without  an  outer  fleshy,  or  "  blow  off 
layer."  Better  sections  from  cones  of  other  species  show  well- 
marked  ribbing  and  a  heavy  "  blow  off"  to  be  commonly  pres- 
ent in  the  Black  Hills  Cycads.  But  so  far  there  is  no  instance 
in  which  this  structure  shows  the  fine  detail  in  any  silificied 
specimens  that  it  always  exhibits  in  the  ferrized  B.  Morierei. 
In  fact,  the  middle  or  indurated  zone  appears  to  have  been  far 
more  susceptible  to  preservation  by  silicification,  whereas  the 
outer  or  "  blow  off"  layer  of  the  seed  is  infinitely  better  stained 
and  conserved  by  iron  carbonate.  We  think  no  one  who  sees 
the  original  preparations  can  fail  to  be  struck  by  this  comple- 
mentary reaction  of  the  outer  flesli  and  middle  stone  to  these 
two  types  of  mineralization,  as  seen  in  the  Calvados  strobilus 
and  the  Black  Hills  fruits.. 

This  explanation,  then,  entirely  clears  the  way  to  a  complete 
understanaing  of  the  similarity  of  testal  development  in  the 
American  and  European  fossil  cycads.  The  seeds  of  the 
Cycadeoidese  containing  embryos  vary  from  one  centimeter  in 
length  in  Amphibennettites  Renaulti  of  Fliche  (4),  to  three  or 
four  millimeters  in  length  in  the  smallest  American  forms,  and 
there  is  a  remarkable  homogeneity  in  the  testal  features  of  the 
entire  group.  In  fact,  short  of  close  study,  the  only  differences 
discernible  are  in  the  ribbing  and  size  of  the  seeds  with  some 
variation  in  the  thickness  of  the  tissue  zones  of  the  seed  wall, 
which  is  normally  three  layered  with  a  distinct  middle  stone. 
The  outer  flesh  alone  may,  liowever,  exhibit,  aside  from  pecul- 
iarities due  to  the  unusual  manner  in  which  the  seed  is  com- 
pletely encased  in  the  solid  husk  of  interserainal  scales,  marked 
reduction  or  even  elimination. 
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Fio.  2. 
A  B 


c 

%j  It. 


Fio.  2.  Longitudinal  section  of  Oycadeoidean  testas  at  point  two- fifths  of 
distance  from  base  to  apex,      x  110. 

A,  and  B. — Bennettites  Oibsonianus  (t3rpe).  Two  seeds  from  one  and  the 
same  cone.     Lower  Greensand,  Isle  of  Wight. 

C.  —  Cycadeoidea  sp.  {not  C.  Wielandi).  Wealden  equivalents  (Lakota)  of 
the  Black  Hills. 

D. — Bennettites  Mori^rei  (Sap.  et  Mar.).  The  type  from  Ozfordian  or  more 
likely  Lower  Cretaceous  (cf.  Lignier)  of  Calvados,  Normandy.     Cf,  Fig.  3fl. 

ty   indurated  layer  arising  from  c  of  f ,  tubular  cells  forming  lax  or  frayed 

fig.  1  ;  husk,  whence   these  cells   may  or 

p,  the  outer    fleshy   or   **blow    off"  may  not  appear  in  the  longitudinal 

layer  arising  from  A  of  fig.  1  and  section  ;=f,  fig.  1. 

expanding  into  five  or  six  alaB  near  n,  the    nucellar  sack  tissue,    always 

apex,  sometimes  forming  horns  ;  quite  susceptible  to  silicification.* 

f,  collapsed  tissue  of  inner  flesh  ; 

*  Between  the  inner  flesh  (/)  in  various  American  seeds,  and  the  nucellar 
sack  «n),  as  well  as  in  the  seed  of  Bennettites  Gibsonianus  (B)  often  occur 
loosely  compacted  large  cells,  supposed  to  be  nucellar  contents  (pre- 
embryonal  tissues).     lu  the  initial   course  of  silicification  collapse  of  the 
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Of  the  several  species  B.  Morierei  has  distinctly  the  heaviest 
walls,  jff.  Gibsonianus  walls  of  intermediate  tliickness,  and 
some  of  the  American  seeds  the  thinnest  walls  of  all,  though 
there  is  essential  agreement  in  testal  structure  extending  to  the 
cell  types  of  the  three  component  layers. 

To  show  this  structural  similarity  and  to  further  bring  out 
minor  details  proving  that  in   Cycadeoidea  we  deal  with  a 

Fig  8. 
A  B  C 


A.— Cycadeoidea  turrita  (?).  Tangential  section  through  the  sclerotesta. 
X  88.  The  basal  waUs  of  these  ceUs  are  far  thicker  than  the  lateral  and 
tangential  walls ;  the  cell  interior  varies  mnch  in  appearance,  or  only  the 
solid  base  may  appear.  Again,  the  outer  face  may  show  a  marked  central 
concavity. 

B.  —  BennetUtes  Morih-ei  (Sap.  et  Mar.)  type,  x  88.  Longitudinal  section 
of  testa  traversing  valley  below  the  shoulder  where  ribs  first  become  prom- 
inent.    Compare  with  fig.  2D. 

C. —Cycadeoidea  WielandU  S.  786.  T.  898.  x50.  Longitudinal  section 
of  micropylar  tube  in  seed  type  without  distinctly  developed  *'blow  off." 
Palisaded  wall  in  continuation  from  middle  stone.  Interior  space  filled  with 
soft  squarish  cells,  in  bulk  producing  somewhat  cancellated  appearance. 
Dotted  line  shows  limit  of  exterior  surface,  the  thin  outer  layer  failing  of 
conservation. 

fmus  of  world-wide  distribution  and  lon^  persistence  in  time, 
have  made  the  series  of  camem  lucida  drawings  shown  in 

inner  flesh  would  favor  rupture  of  the  nucellar  sack  with  more  or  less  dis- 
persion^f  such  rounded  cells,  but  this  explanation  is  tentative. 

The  close  agi'eement  of  the  two  European  species  and  the  American  forms 
retaining  the  "blow  off"  layer  is  noteworthy,  while  the  two  seeds  of  Ben- 
nettites  showing  difference  in  the  indurated  layer,  as  seen  in  alwut  the 
same  region  of  the  testa,  suggest  the  character  of  longitudinal  fluting,  and 
completely  bridge  the  slight  stioictural  gap  between  the  commoner  American 
form  C,  and  Bennettites  Moriereiy  no  more  than  mere  specific  differences 
appearing. 


Digitized  by  LjOOQIC 


142  G,  R.  Widcmd — American  FomU  CyGoda, 

text  figures  2,  4,  from  the  equatorial  region  of  the  seed. 
These  include  all  the  best  known  forms,  the  seeds  of  Gycad- 
eoidea  dacotensis  and  of  C  excelsa  and  Jenneyana  excepted, 
as  these  have  not  so  far  been  found  well  enough  conserved  to 
permit  such  drawings ;  though  it  can  be  seen  from  their  gen- 
eral form  and  amount  of  testal  development,  which  are  well 
known,  that  they  too  agree  within  generic  limits. 

In  comparing  these  drawings  it  must  always  be  remembered 
that  the  seed  wall  is  a  more  or  less  appressed  one,  as  the  result 
of  enclosure  by  the  five  or  six  to  as  many  as  eight  or  ten  inter- 
seminal  scales  forming  the  pocket  in  which  the  seed  lies.  Also 
both  outer  flesh  and  stone  normally  thicken  markedly  toward 
the  shoulder  and  about  the  basal  region  of  the  micropylar  tube 
to  form  a  ribbed  or  even-ten tacled  corona.  But  while  these 
coronal  ribs  may  tend  to  disappear  in  some  species,  or  may 
somewhat  conform  to  surrounding  scales,  an  original  and 
fixed  number  is  in  reality  always  present  and  representative 
of  the  species.  Furthermore  the  ribs  may  even  send  up  a  low 
crown  of  tentacle-like  proj'ections  about  the  base  of  the 
micropylar  tube,  though  it  is  only  after  studying  the  sections 
very  attentively  that  one  comes  to  see  this  feature,  which, 
could  one  see  a  loose  seed,  would  be  very  distinctive  indeed. 
In  short,  we  have  to  do  with  somewhat  appressed  vestigial  lobes 
as  unmistakable  as  those  of  Physostoma, 

Lateral  Testal  Envdopes, — As  already  observed  the  "  en- 
veloppe  tubvleuse  "  of  Lignier,  or  cup-like  husk  formed  by  the 
extension  of  the  cortex  of  the  seed  pedicels  all  round  the  seed 
base,  tends  to  disappear.  The  really  complex  structure  of  this 
envelope  has  been  conserved  with  diagrammatic  clearness  in 
B.  Moriereiy  where  it  is  clearly  seen  to  consist  in  an  under- 
layer,  the  ^' assize plissee^^^  really  the  base  of  the  "blow  off,*' 
and  a  distinctly  tubular  outer  layer  which  is  not  found  continuous 
all  over  the  surface  of  the  seed,  though  its  cells  are  markedly 
susceptible  of  preservation.  But  in  strong  contrast  and  clearly 
proving  reduction,  tig.  4A  is  an  accurate  enough  drawing  of  an 
American  seed  in  which  too  few  tubular  cells  to  show  appear 
to  rest  on  the  middle  stone,  while  there  is  no  appreciable  pre- 
servation of  the  inner  part  or  ^' assize  plissee^^  and  its  apical 
continuation  as  a  strongly  palisaded  tissue,  "  assize  rayonante^'^ 
or  "  blow  off."  This  condition  is,  however,  exceptional,  but 
one  species  showing  so  much  reduction. 

Once  more  in  examining  transverse  sections  of  American 
species  a  doubt  may  arise  as  to  whether  the  outer  layer  of  the 
seed  is  not  actually  confluent  with  the  interseminal  scales  as 
Solms  supposed  it  might  be  in  places  ('' Stellenweise ")  in 
Bennettites  Gibsonianus,  But  this,  it  is  thought,  may  be  due 
in  part  to  the  fact  that  there  are  in  the  interseminal  scales 
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Fig.  4. 
A 
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Fio.  4.  Seed  walls  of  Cycadeoidea  {A  and  B),  Lagenostoma  Lomaxi  (C), 
and  Physostoma  elegans  (D),  contrasted. 

A, — Cycadeoidea  Wieiandi.  This  seed  as  described  is  without  an  onter 
fleshy  or  **  blow  off  layer/'  although  the  inner  flesh  and  the  middle  scleren- 
chyma  have  precisely  the  same  development  as  in  the  other  Cycadeoidea 
seeds. 

B. — Cycadeoidea  Macbridei  (?),  with  thick  blow  off  layer  very  poorly  con- 
served. The  sclerenohyma  layer  of  squarish  cells  with  their  inner  basal 
wall  heavy,  and  the  flattened  inner  flesh  zone  correspond  to  the  outer 
notched  and  inner  smooth  line  of  A. 

C, — Lagenostoma  Lomaxi.  Longitudinal  section  from  above  the  cupule 
showing  the  inner  flesh  and  mid-sclerenchyma  with  peg-like  projections  on 
tangential  wall  suggesting  that  an  outer  '*  blow  off  layer'*  may  have  failed 
of  conservation.  The  structure  is  essentially  similar  to  that  of  the  most 
reduced  of  the  Cycadeoidea  seeds  as  shown  at  A,  although  about  in  propor- 
tion to  the  size  of  the  seed  both  flesh  and  sclerenchyma  are  much  thicker. 

(Redrawn  from  Scott) 

D. — Physostoma  elegatxs.  Longitudinal  view  of  seed  wall  exactly  showing 
the  "blow  off  layer"  as  stippled-in  cells  to  the  right,  but  slightly  generaliz- 
ing the  complex  fleshy  tissues  between  this  layer  and  the  nucellar  sac  which 
appears  as  a  dark  line  to  the  left.  Original  drawing  introduced  to  show  the 
droop  of  the  '*  blow  off  layer"  as  a  peculiarity  also  seen  in  Cycadeoidea.  In 
other  respects  interesting  as  a  seed  of  ancient  and  complex  character, 
between  which  and  Lagenostoma  there  is  in  actuality  a  much  greater  struc- 
tural gap  than  between  this  latter  and  the  Cycadeoidea  seed  type,  although 
the  seeds  of  all  three  must  be  regarded  as  having  analogous  structures. 

groups  of  sub-epidermal  cells  much  like  the  tubular  cells  of  the 
seed  cortex  or  outer  "  enveloppe  tubuleuse  "  and  that  moreover 
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there  is  often  next  tlie  seed  an  exceedingly  thin  extension  of 
tlie  epidermal  layer  of  the  interseminal  scales.  There  can  be 
no  final  doubt  as  to  where  the  seed  wall  ends  and  the  enclosing 
scales  begin. 

Middle  Stone, — Following    interiorly   to   the    outer    flesh 
analogue  or  "  blow  off  "  layer  as  so  much  subject  to  variation 

Fig.  5. 


Fig.  5.     Cycadeoidea  turrita  (?).     Black  HUls.      x  25. 

Longitudinal  section  throngh  ovulate  cone  traversing  two  adjacent  seeds. 
The  upper  seed  is  cut  tangentiaUy,  and  the  lower  one  in  the  nearly  trae 
median  vertical  plane.  The  micropylar  tube  is  here  accurately  cut  through- 
out its  entire  length,  and  the  section  passes  through  two  opposite  ribs. 
Only  at  the  seed  base  is  the  section  a  little  eccentric,  bat  owing  to  the  small 
size  of  the  seeds  only  a  few  out  of  a  gpreat  number  will  be  found  so  nearly 
cut  in  the  median  plane  as  the  present  seed  and  that  in  the  following 
fig.  6^. 

to  form  ribs  and  coronal  appendages  characteristic  of  the 
various  species,  the  middle  stone  is  found  far  more  constant ; 
yet  the  figures  2 A  and  2B  from  seeds  of  one  and  the  same  cone 
of  Bennettites  Gihsonianus  at  once  show  that  tliis  layer  also 
shares  in  rib  formation  and  regionally  varies  much  in  the  size 
of  its  cells.  Its  thickness  as  dependent  on  ribbing  varies  from 
one  cell  in  the  lateral  region  to  several  or  more  cells  as  the 
ribs  form  in  the  upper  and  shoulder  region  of  the  seed  and 
converge  towards  the  micropylar  base. 
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In  the  American  species  the  stone  layer  is  usually  very  thin, 
but  (jnite  distinctly  indurated, — silicification  in  reality  showing 
density  of  walls  better  than  other  types  of  conservation.  The 
cells  of  the  stone  superficies  appear  to  have  had  a  very  thin 
tangential  wall,  even  subject  to  collapse,  so  as  to  sometimes 
simulate  a  series  of  flattened  hexagonal  cups  with  very  heavy 
bottoms  and  sides  thinning  a  little  toward  the  top.  In  the 
French  specimen  it  is  the  cell  contents  rather  than  the  cell 
walls  that  appear  to  have  "  taken  the  stain,"  and  this  produces 
a  certain  appearance  as  of  a  decidedly  fleshv  tissue  especially 
in  the  outer  cells  bearing  the  "  blow  offP  ^ut  what  the  true 
nature  of  the  tissue  is  cannot  rest  in  any  doubt ;  for  it  is  as  we 
see  often  highly  indurated  in  the  American  specimens,  and 
nearly  as  much  so  in  the  Isle  of  Wight  specimen.  While,  as  I 
fully  believe,  the  slightly  less  indurated  condition  seen  in 
Bennettites  Morierei  is  quite  exactly  paralleled  by  the  middle 
layer  in  Pinv^  rednosa.  In  considering  any  mineralized 
tissues,  moreover,  it  is  occasionally  necessary  to  note  that  the 
staining  could  exhibit  the  cell  contents  rather  than  the  cell 
walls,  which  might  finally  fail  of  clear  outline  and  be  replaced 
by  structureless  mineral.*^ 

Inner  Flesh. — The  inner  fleshy  layer  or  tissue  region  lying 
between  the  stonv  region  and  the  nucellar  sack  is  of  about  the 
same  breadth  as  tne  stony  region  in  all  the  Cycadeoidese,  bearing 
in  mind  the  reduced  testa  in  the  American  C.  Wielandi  where 
both  these  coats  are  very  thin.  In  no  instance,  however,  is  the 
inner  flesh  distinctly  enough  conserved  in  the  lateral  region  of 
the  seed  to  permit  camera  lucida  drawings,  or  even  photo- 
micrographs showing  it  other  than  as  a  clearly  outlined  zone  of 
soft  crushed  tissue.  But  in  the  Normandy  seeds  preservation 
is  often  diagrammatically  clear  near  the  seed  base  where  this 
zone  is  from  three  to  about  seven  cells  deep,  with  the  outer 
cells  elongate,  and  flat  squarish  to  rounded  forms  on  the  interior. 
The  nature  and  succession  of  the  testal  elements  is  clearly 
illustrated  in  the  transverse  section  through  the  radio- 
symmetric  seed  base  shown  in  fig.  1,  where  the  relation  to  the 
central  bundle  is  still  clear  and  the  layers  appear  in  their 
initial  and  simplest  form.  That  the  ancestral  endosarcal 
bundle  system  is  not  entirely  eliminated  is  probable,  though 
final  determination  of  this  point  still  depends  on  favorably 
located  rib-angle  sections  of  exceptionally  conserved  seeds. 

Homologies  of  the  seed  coats  in  Cyeadeoidea. 

In  my  American  Fossil  Cycads  (p.  174)  the  view  was  taken 
that  Lagenostoma  presents  the  nearest  known  analogy  to  the 
seed  wall  structure  of  Cyeadeoidea  of  any  form  existing  or 
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Fig.  6. 
A 


Fig.  6.     Cycadeoidea  turrita  (?).     Black  Hills. 
A, — Longitudinal  section  of  seed,     x  15. 
a,  seed  pedicel :  p?,  exterior  covering  or  "blow  off 

A,  hilam;  layer"; 

n,  nucellar  sack  ;  is,  interseminal  scales ; 

niy  megaspore  membrane ;         sty  micropylar    tnbe    ending    as     a 
<?,    embryo ;  slightly  flanged  style. 

ily  interior  layers  of  testa  ; 

B. — Oblique  section  of  four  adjacent  seeds,  x  25. 
n,  nucellar  sack  ;  m,  megaspore  membrane  ;  e,  embryo. 
In  A  all  the  basal  portion  of  the  section  traverses  thin  "  blow  off  "  tissue, 
which  strongly  thickens  into  a  five  rib  series  at  the  shoulder,  these  ribs  even 
prolonging  themselves  tentacle-like  into  a  sort  of  corona.  The  solid  black 
line  represents  the  middle  stone  or  sclerenchyma,  the  narrow  blank  space 
between  it  and  the  nucellar  sack  the  inner  flesh,  and  the  outer  barred  area 
the  exterior  soft  tissue  or  blow  off  layer.  In  this  seed  a  rib  is  cut  on  the 
upper  side  and  a  furrow  is  traversed  on  the  lower  side.  Only  in  the  micro- 
pyle  does  the  diagram  fail  of  accuracy,  as  the  middle  sclerenchyma  does  not 
give  origin  to  all  the  micropylar  wall. 

In  B  the  nearly  complete  occupation  of  the  megaspore  membrane  by  the 
embryo  is  seen  to  repeat  itself  normally.  Occasionally  in  sections  cutting 
many  seeds  a  third  cotyledon  is  indicated.  In  the  seed  to  the  right  no 
embryo  developed  and  the  nucellar  sack  and  megaspore  membrane  floated 
to  the  center  and  collapsed,  whence  an  extra  line  appears  as  the  boundary 
of  the  inner  flesh. 
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extinct.  And  no  reason  is  now  seen  to  recede  from  this  view. 
For  in  reality  LaqenosUyina  offers  in  the  retention  of  reduced 
inner  flesh  bundles,  or  an  endovascular  condition,  an  inter- 
mediate stage  between  the  larf^e  thick-walled  araphivascular 
seeds  of  existing  cycads  and  the  reduced  or  even  truly  mono- 
vascular  Cycadeoiaea  seeds ;  while  the  archaic  features  in  the 
apical  region  of  the  latter  must  be  of  far  more  significance  than 
would  be  the  retention  of  bundles,  which  were  without  a 
shadow  of  doubt  anciently  present.  And  the  closer  we  study 
Cycadeoidea  the  clearer  ^oes  it  become  that  despite  an  enclosed 
position  and  despite  reduction  the  seed  apex  is  after  all  of  the 
ancient  multilobate  type.  Further,  we  think  it  can  be  accepted 
that  the  stony  palisaded  layer  of  Laaenoatoma  Iwnaon,^  though 
following  ripening  and  shedding  of  the  seed  the  external  one  in 
all  the  lateral  region  of  the  seed,  is  none  other  than  a  middle 
stone.  The  small  tubercles  of  this  layer  (cf.  fig.  4C)  were 
thought  by  Oliver  and  Scott  (8)  to  have  supported  an  outer 
layer  of  thin- walled  cells,  while  in  the  Cycadeoidea  seeds  one 
may  plainly  see  that  the  thin  outer  wall  of  the  outer  cells  of 
the  stone  laver  has  to  do  with  its  function  as  a  bearing  wall  for 
the  ** blow  off"  layer.  In  comparisons  with  Lagenostoma  it 
may  be  remembered,  too,  that  various  species  are  known,  and 
that  in  L,  ovoides  for  instance,  where  both  cell  form  and  pre- 
servation suggest  decided  resemblance  to  Cycadeoidea^  the 
indurated  layer  is  several  cells  thick,  so  that  this  layer  can  vary 
much  in  thickness  and  development  in  both  these  genera  as 
already  known.  To  some  the  Laaenoatoma  cupule  may  seem 
to  prevent  comparison,  but  it  should  be  recalled  that  this 
structure  must  have  been  under  way  of  reduction,  whereas  the 
tubular  layer  which  occupies  the  same  region  in  Cycadeoidea 
and  serves  the  same  essential  function  as  a  basal  cup  or  husk, 
is  evidently  a  last  remnant  of  some  ancestral  leafy  structure. 

So  far  as  now  recalled  Polypteroaper7num  of  the  French 
Paleozoic  is  the  only  other  ancient  seed  which  has  ever  been 
suggested  as  offering  a  distinct  likeness  to  the  Cycadeoidean 
seed  structure.  Professor  Lignier  (3)  in  studying  the  four 
(occasionally  five)  ribbed  Bennettites  Morierei,  after  pointing 
out  marked  testal  resemblance  to  Gnetopaia,  attached  too  much 
significance  to  apical  appendages,  reaching  the  conclusion  that 
the  latter  seed  presented  no  true  analogy.  But  he  went  on  to 
guardedly  name  an  apparently  related  lorm  Polypteroapermum 
as  probably  much  nearer  to  Cycadeoidea  than  other  ancient 
types,  a  suggestion  of  relationship  which  seems  to  have  been 
little  heeded.  It  is  likely,  however,  that  restudy  of  the  apical 
region  of  the  seeds  of  Bennettites  Morierei  in  conjunction 
with  Polypteroapermum  will  be  well  worth  while,  since  this 
region   is   not  suflBciently  known   even   in   Bennettitea  Gib- 
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Fio.  7. 


X9S 

Fio.  7.     Cycadeoidea  Macbridei  (?). 

Four  characteristic  anbtransverse  to  sublongitndinal  sections  of  seeds  con- 
taining embryos  from  as  many  different  thin  sections  (Nos.  762-765)  cat  from 
one  of  the  various  strobili  of  the  Minnekahta  cycad  tmnk  Y.  S.  No.  181  : 
all  X  15. 

A, — Snbtransverse  section.  Passes  near  the  '^shonlder"  of  the  seed  as 
indicated  by  the  apical  ribs  on  the  upper  side,  bnt  below  the  radical  since 
the  two  cotyledons  with  their  bundles  (6)  plainly  appear.  In  the  upper 
cotyledon  which  must  be  cut  near  the  cotyledonary  node  but  four  bundles 
are  traversed,  approach  to  the  maximum  number  of  five  or  six  lamina  bun- 
dles appearing  on  the  lower  or  more  basal  side. 

The  somewhat  convolute  prolongation  above  is  most  readily  explained  as 
a  remnant  of  proembryonic  tissue  exactly  like  that  persisting  or  but  slowly 
made  over  into  the  true  embryo  tissue  in  the  very  similar  dicotyledonous 
embryo  of  Ginkgo, 
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sonianvs^  and  is  dilBcult  of  study  in  the  silicified  American 
specimens.  Again,  the  French  Paleozoic  seeds  are  scarcely 
known  to  ns  in  that  closer  detail  which  present  methods  of 
fossil  seed  study  are  rapidly  bringing  to  lignt. 

But  meanwhile  fnrther  interesting  comparisons  with  ancient 
seeds  have  been  made  possible  by  the  instructive  interpreta- 
tions of  Paleozoic  seed  structures  and  noteworthy  study  by 
Oliver  and  Salisbury  (11)  of  the  two  species  Vonostoma 
oblonyum  and  C.  anglogermanieum. 

In  the  species  of  Conostoma  no  cupule  obscures  the  exosar- 
cal  features,  but  the  seeds  have  the  small  size  of  those  of 
Cycadeoidea^  in  consequence  of  which  they  present  much 
difficulty  of  study  due  to  dependence  on  chance  sectional 
planes.  Nevertheless,  by  plotting  about  a  score  of  sections  of 
Conostoma  anglo-germanicum  and  nine  sections  of  Conostoma 
oblongum^  and  then  constructing  models  from  the  estimated 
planes   of  the   sections,  nearly  concise  restorations   of  both 

B. — More  nearly  transverse  and  basal  section  than  the  preceding  in  which 
the  dark  staining  mass  clinging  to  the  lower  left  cotyledon  mnst  be  an  endo- 
sperm remnant  rather  than  a  tissue  like  the  convolute  extension  just  noted 
in  A, 

C. — Sublongitudinal  section.  Passes  through  lateral  hilum  and  emerges 
at  the  seed  '*  shoulder,"  traversing  nearly  the  entire  length  of  the  embryo 
with  its  two  cotyledons  (c)  and  their  lamina  bundles  (6). 

D. — More  nearly  longitudinal  section  than  the  preceding,  cutting  chalazal 
traeheid  stem  or  goblet,  and  passing  beyond  the  ^'  shoulder"  near  to  base  of 
micropylar  tube.  The  embryo  is  here  especially  instructive  as  showing  the 
forking  (&)  of  the  cotyledonary  bundles  in  both  lamina  as  well  as  the  apical 
proembryo  folds  and  endosperm  or  albuminous  remnants  (a).  Taking  this 
section  at  W  the  characteristic  proportion  and  appearance  of  the  seed  wall 
layers  is  indicated  distinctly.  On  the  inside  next  the  embryo  to  which  the 
nucellar  sack  clings  is  a  considerable  empty  space  left  in  part  by  shrinkage 
of  the  embryo,  in  part  by  collapse  or  failure  of  preservation  of  the  spongy 
enclosing  cells  of  the  nucellus,  and  in  part  iinally  by  the  invariable  flatten- 
ing out  of  the  cells  of  the  inner  flesh,  indicated  by  the  inside  solid  black 
line. 

The  inner  flesh  clings  closely  to  the  middle  sclerenchyma,  also  shown  in 
solid  black  but  notched  on  the  outer  border,  this  being  the  artist's  method  of 
indicating  the  cup-shaped  appearance  of  the  component  cells  due  to  preser- 
vation of  the  thick  inner  or  basal  wall  and  thinning  out  of  the  lateral  walls 
without  easily  detected  conservation  of  the  very  thin  tangential  wall.  Exte- 
riorly comes  the  outer  flesh,  or  more  exactly  the  '*  blow  off  layer"  strictly 
homologous  to  that  of  Carboniferous  Cycadofilicinean  seeds,  Physostoma, 
etc.  But  in  strobili  of  trunk  131  and  in  most  American  Cycadeoidean  seeds 
the  very  thin  cell  walls  of  this  layer  are  indistinct,  though  their  characteris- 
tic palisade-droop,  so  pronounced  in  Physostomay  cf.  figure  4  £>,  is  plainly  in 
evidence.  Finally,  the  strongly  lined  outer  basal  tissue  is  that  of  the  corti- 
cal husk. 

[These  sketches  of  seed  sections  are  diagrammatic  in  the  best  sense,  since 
they  are  in  reality  the  artist's  excellent  drawings  jiist  as  he  saw  them  in 
these  particular  seeds,  but  to  be  seen  over  and  over  in  seeds  of  other  strobili 
cut  from  trunk  131.  This  trunk  was  referred  by  Professor  Ward  to  the 
species  C.  Wielandi  as  best  represented  by  Yale  Cycads  Nos.  77  and  393, 
but  cannot  be  of  that  species.  Not  only  are  there  leaf  base  differences  but 
in  the  seeds  of  77  and  893  the  *'  blow  off  layer  "  is  virtually  eliminated.] 

Am.  JouR.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  188.— August,  1911. 
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Fig.  8.     Cycadeoidea  Macbridei  (?). 

Part  of  a  somewhat  oblique  section  through  a  strobilus  of  Y.  T.  181 
cutting  nine  seeds  at  angles  varying  from  nearly  transverse  (e,  e;?)  to  tan- 
gential longitudinal  (eS  and  n)  and  illustrating  the  embryos  and  embryo 
bundle  system.  The  position  of  the  several  sections  is  quite  obvious: — e 
with  its  embryo  is  cut  high  up  just  where  the  cotyledonary  node  gives  off 
the  two  supply  bundles  for  the  cotyledons  ;  eS  passes  lower  but  is  still  rather 
near  the  cotyledonary  plate  since  neither  radical  nor  sinus  between  the 
lamina  appears  ;  while  in  the  seed  below  e2  the  upper  part  of  the  pedicel  is 
cut  and  the  forking  of  the  bundles  in  the  tips  of  the  cotyledons  is  evident ; 
e6  and  the  seed  alongside  it  are  decidedly  tangential,  though  in  each  both 
cotyledons  appear. 

In  each  of  the  seeds  e-eS  a  lateral  deeply  stained  mass  of  endosperm  (?) 
appears  beside  the  embryo.  In  three  of  the  seeds  the  embryo  fails  wholly 
of  preservation,  but  the  nucellar  sacks  (?i,  n,  n)  are  wholly  distinct,  collapse 
and  folding  of  this  sack  as  here  so  clearly  to  be  seen  being  of  much  interest 
in  connection  with  various  forms  of  nucellar  sack  rupture  in  many  Cyca- 
deoidea seeds. 
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species  have  been  obtained.  Both  are  endovascnlar,  the  inner 
fibrous  flesh  being  traversed  by  six  bundles  in  the  angles  of  as 
many  simple  ribs  in  (7.  (Mongum^  and  four  bundles  in  the 
angles  of  the  four  major  or  wing  ribs  which  initially  alternate 
with  as  many  minor  ribs  in  the  somewhat  more  complex  C. 
anglo-^ermdnieum.  Both  species  thus  agree  with  Cyoaaeoidea 
in  size  and  in  being  coronate  radiospermic  ribbed  and  winged 
forms  with  essentially  the  same  wall  structure,  barring  reten- 
tion of  the  endosarcal  bundles,  traces  of  which  are,  however, 
yet  likely  to  be  found  in  the  Cycadeoidese. 

Indeed,  truly  essential  testal  and  apical  diflferences,  rather 
than  likenesses,  remain  to  be  established  now  that  we  know 
Oucadeoidea  to  be  a  characteristically  four-  and  five-ribbed  and 
lobate,  winged,  tentacled  seed  which  also  shows  some  tendency 
to  alternation  of  major  and  minor  ribs. 

Evidently  Cycadeoidea,  though  of  composite  type,  has,  as 
befits  its  Jtfesozoic  extinction,  a  clear  title  to  admission  into  the 
great  groups  of  Paleozoic  gymnospermous  seed  types  retaining 
indisputable  evidence  of  a  yet  more  ancient  multiple  integu- 
ment. And  this  is  yet  more  strongly  indicated  when  we  turn 
to  the  fuller  lobed  Neuropteris  heterophyUa  seeds  described  as 
attached  to  their  foliage  by  Kidston,  if,  indeed,  these  are  true 
megaspores.  Especially  so,  if  we  further  consider  that  most 
remarkable  six-lobed  microspore-bearing  fruit  Codonotheca  of 
quite  the  same  size  and  outer  aspect  as  the  reputed  Neuropteris 
seeds,  and  on  the  score  of  association  strongly  suspected  to  be 
of  Neuropterid  aflSnity  when  first  described  (7V 

Reexamination  of  this  fossil  by  the  writer  nas  so  far  failed 
to  establish  the  presence  of  sporangial  structures  on  the  inner 
surfaces  of  the  campanular  lobes  where  much  loose  and  extra- 
ordinarily large-sized  pollen  may  be  seen,  seemingly  in  quite 
the  position  in  which  it  grew.*  But  while  the  general  appear- 
ance at  first  seemed  to  preclude  the  drifting  in  from  the  out- 
side of  pollen  attaching  itself  to  sticky  inner  surfaces  of  free 

*  These  Codonothecan  or  Nenropterid  microspores  or  prothallate  pollen 
grains  are  the  largest  known,  even  greatly  exceeding  Siephanospermum,  and 
it  remains  quite  probable  that  by  some  modification  of  Nathorst's  collodion 
method  some  evidence  of  extensive  protballial  tissue  may  be  fonnd. 

The  characteristic  make  up  of  the  seed  wall  again  appears  as  in  the  pre- 
ceding figare  as  well  as  the  important  additional  fact  that  breaks  or  gaps  in 
the  inner  flesh  and  middle  sclerenchyma  quite  regularly  occur  near  the 
shoulder  and  conclusively  indicate  that  these  seeds  of  Cycadeoidea  are  as 
traly  ribbed  tentacular  or  apically  lobate  as  any  members  of  the  Langeno- 
stoma  group. 

[It  is  probable  that  these  embryos  have  undergone  some  shrinkage,  though 
the  ceU  structure  is  often  clear  and  does  not  show  much  evidence  of  col- 
lapse. However,  various  remnants  about  the  sides  of  the  embryos  indicate 
unused  parenchyma.  The  appearance  does  not  entirely  reconcile  itself  with 
the  great  size  of  the  proembryo,  seen  in  another  species.'] 
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apical  lobes  of  a  small   central   seed   and   there  undergoing 
prothallial  growth,  such  an  interpretation  is,  because  of  the 

Seculiar  spindle-shaped  and  possibly  ovulate  base,  not  easily 
ismissed.  Should  this  prove  to  be  the  true  interpretation  of 
Codonotheca^  it  is  the  most  leafy  of  known  seeds,  feut  any  one 
is  free  to  work  out  various  alternative  interpretations  for  him- 
self. And  certainly  this  singular  fruit  would  be  at  once 
explained  by  many,  or  most,  as  some  entirely  primitive  form 
of  giant  microspore  case  had  not  the  ubiquitous  staminate 

Fio.  9. 


Fig.  9.     Cycadeoidea  Macbridei  (?). 

Diagrammatic  reconstmction  of  the  dicotyledonous  embryo  showing 
approximate  position  of  the  bifurcation  of  the  node  (&/)  and  the  probable 
bundle  distribution  in  the  cotyledons.  The  two  branches  leading  into  the 
cotyledons  must  run  parallel  further  than  here  appears  because  the  laminss 
are  shown  as  if  arbitrarily  flattened  out. 

disks  of  Mesozoic  times  led  us  to  expect  to  find  circular 
emplacements  of  sporophylls  in  process  of  reduction  in  ancient 
plants,  and  in  particular  taught  us  to  see,  that  in  such  disks 
spores  once  borne  ventrally  may  easily  become  falsely  dorsal. 
In  any  case,  however,  the  study  of  such  forms  must  ultimately 
shed  much  light  on  the  nature  of  gymnospermous  testal 
structure,  the  essetitial  and  primitive  elements  of  which  already 
begin  to  appear. 

But  yet  another  comparison  of  the  seeds  of  Cycadeoidea 
may  be  made  with  forms  far  nearer  at  hand  that  might  have 
been  thought  of  before.  Through  the  great  kindness  of  Pro- 
fessor R.  B.  Thomson,  whose  excellent  demonstration  of  the 
megaspore  membrane  of  the  gymnosperms  is  well  known,  I 
have  come  into  possession  of  a  beautiful  though  limited  series 
of  longitudinal  sections  of  existing  gymnospermous  seeds  ;  and 
the  attentive  study  of  these  shows  that  the  smaller  seeds,  espe- 
cially of  the  Abietineae  present  a  clear  analogy  to  Cycadeoidea 
in  all  that  pertains  to  lateral  wall  structure.     In  Pimcs  resin  Dsa 
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there  is,  taking  the  lateral  wall,  a  noteworthy  parallel,  and  if 
one  bad  before  him  a  complete  series  of  both  transverse  and 
longitudinal  sections  of  the  Abietineons  species  it  is  likely  that 
traces  of  apical  ribbing  would  be  found  and  that  a  composite 
exceedingly  like  Oycadeoidea  could  be  observed. 

And  this  line  of  study  promises  much  interest;  for  the 
Abietinean  series  was  always  regarded  as  a  quite  modern  side 
branch  rather  than  an  old  gymnosperm  stem  terminal,  until  the 
possession  of  really  ancient  structures  was  pointed  out  by 
HoUick  and  Jeffrey.*  These  writers  in  their  admirable  study 
of  Cretaceous  conifers  show  Pintcs  to  be  archaic  and  demon- 
strate a  new  genus  Prepinus  of  more  primitive  structure  than 
any  other  conifer  living  or  extinct,  while  Jeffrey  now  insists 
without  reservation  that  the  Abietinese  are  the  oldest  tribe  of 
conifers.f  The  decided  resemblances  in  the  seed  wall  structure 
to  Cycadeoidea  lend  further  color  to  such  views  if  any  value 
can  be  assigned  to  present-day  features  of  gymnosperm  seeds 
in  trying  out  questions  of  ancient  relationships  amongst  great 
groups  of  gymnosperms,  using  the  name  in  any  wide  sense. 

Some  closing  remarTcs, — To  anyone  interested  in  the  subject 
of  fossil  seeds,  it  will  not  be  necessary  to  say  that  even  in  the 
case  of  seeds  as  well  represented  as  are  those  of  Cycadeoidea 
finality  in  description  cannot  easily  be  reached.  To  secure 
more  exactly  oriented  sections,  to  illustrate  these  adequately 
by  both  photomicrographs  and  drawings  and  gain  an  accurate 
idea  of  the  precise  form  and  structure  of  the  various  species 
of  seeds  is  a  work  of  time  and  perforce  the  task  set  for  further 
publication  in  connection  with  other  features.  But  mean- 
while, it  may  be  stated  that,  regarding  our  view  that  a  proem- 
bryonic  tissue  occupying  all  of  the  nucellar  cavity  is  present  in 
one  species  of  Cycadeoidea^  we  still  have  no  other  explanation  to 
offer.  Though  it  can  be  said  that  whatever  the  nature  of 
this  tissue  it  seems  to  have  been  much  given  to  bursting  from 
the  nucellar  sack.  Scarcely  better  photomicrographs  showing 
the  usual  character  and  position  of  this  tissue  can  be  given  than 
that  of  the  transverse  section  Plate  XXX  (9),  where  the  slight 
filmy  tissue  traversing  irregularly  the  mass  of  rounded  cells  is 
none  else  than  the  much  wrinkled  and  collapsed  nucellus, 
though  we  were  not  at  first  prepared  to  believe  that  the 
nucellus  had  so  frequently  collapsed,  ruptured  and  floated 
about  in  shreds  amongst  these  cells  as  is  now  seen  to  be  the 

•Hollick,  Arthnr,  and  Jeffrey,  E.  C— Studies  of  Cretaceous  Coniferous 
Bemains  from  Kreischerville,  New  York.  Mem.  N.  Y.  Bot.  Garden,  vol. 
ni,  138  pp.  with  29  plates.     New  York,  1909. 

t  Jeffrey,  E.  C. — A  new  Prepinns  from  Martha's  Vineyard.  Proc.  Boston 
Soo.  Nat.  Hist.,  vol.  84,  No.  10,  pp.  333-338,  pi.  33.     Boston,  1910. 
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case.  Others  who  have  seen  the  sections  are  at  least  certain 
that  the  tissue  is  not  endospermons ;  and  to  the  objection  that 
a  proembryonic  tissue  would  not  be  likely  to  thus  occupy  quite 
all  of  the  nucellar  cavity  it  is  replied  that  such  a  condition  is 
in  reality  only  one  of  deforce,  and  that  it  is  readily  conceivable 
as  having  been  present  in  Cretaceous  gymnosperms.  Though 
it  is  of  interest  that  conformably  to  the  lesser  degree  to  which 
the  embryos  shown  in  figure  7  fill  up  the  nucellar  cavity  as 
compared  with  those  of  figure  6,  far  more  distinct  traces  of 
endosperm  are  present. 

The  sections,  which  may  be  seen  at  the  Yale  Museum,  are 
not  only  being  constantly  added  to,  but  meanwhile  receiving 
careful  attention  and  comparison,  and  it  is  intended  to  give  fea- 
tures displayed  the  best  possible  illustration.  Meanwhile  ink 
drawings  of  various  seeds  are  appended  in  the  present  text 
figures  7  and  8  illustrating  the  strobili  of  Yale  Cycad  131. 
This  trunk  is  one  of  those  referred  to  C.  Wielandi  by  Pro- 
fessor Ward,  but  cannot  be  of  that  sj)ecies  as  represented  by 
trunks  77,  393,  and  various  other  specimens  constituting  a  dis- 
tinct and  unmistakable  group.  Trunk  131,  which  bears  stro- 
bili with  not  infrequent  finely  conserved  embryos — indeed 
quite  the  best  so  far  known — may  be  provisionally  referred  to 
t7.  MachrideL  The  chief  vegetative  differences  from  G.  Wie- 
landi are  exhibited  by  the  sections  through  the  cortical  paren- 
chyma, showing  the  leaf  traces  and  the  leaf  bases  of  both  to  be 
of  much  larger  size  than  in  the  C.  Wielandi  trunks,  while  the 
main  differences  in  testal  development  are  exactly  noted  in  the 
legends  of  the  respective  figures,  4  C,  7,  etc. 

The  present  drawings  all  show  the  position  of  the  young 
embryo  bundles  to  agree  with  that  seen  in  both  Bennettites 
Gibsonianus  and  B.  Moriereiy  as  shown  by  the  scheme  of  the 
embryo  bundle  pattern,  figure  9,  which  must  closely  approxi- 
mate the  true  form.  From  this  it  is  evident  that  a  pattern  a 
little  more  reduced  than  that  of  the  living  cycads,  but  not  so 
much  as  that  of  conifers,  is  present.  In  fact,  the  bundle  pat- 
tern is  the  same  composite  one  seen  in  Ginkgo  biloba^  to  the 
general  form  and  structure  of  the  entire  embryo  of  which 
there  is  a  very  close  analogy,  extending  to  the  occasional  occur- 
rence of  three  cotyledons  instead  of  the  normal  dicotyledonous 
condition. 

Finally,  the  fact  that  seed  and  embryo  of  these  fossil  cycads 
are  of  the  most  generalized  gymnospermous  type  can  escape  no 
one;  while  the  retention  of  pronounced  cycadofilicinean  fea- 
tures further  favors  inclusion  in  the  Cycadales.  Though  for  the 
present  letting  classifications  evolve  themselves  as  they  may, 
it  is  most  interesting  to  observe  that  not  only  were  the  primi- 
tive seed   characters  of  the  Cycadeoidese  little  obscured  by 
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appressioD  in  the  peculiar  strobilar  type  so  much  affected  by 
the  group  throughout  the  Mesozic,  but  even  so  much  the  more 
surely  conserved  as  to  permit  the  freest  comparison  with  the 
ancestral  singly  borne  multiiobate  leafy  seeds  of  Paleozoic  times. 


Yale  University  Mnseam, 
New  Haven,  Conn. 
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Art.  XV. — A   New  Locality  of  Pyrrhotite  Cin/ stale   and 
their  Peeudomorphs ;  by  C.  H.  Smyth,  Jr. 

The  rebuilding  of  the  old  "Seneca  Turnpike"  through  Cen- 
tral New  York,  Suring  the  summer  of  1907,  led  to  consider- 
able opening  up  of  new  and  old  quarries  along  the  line  of  the 
highway.  Among  these,  is  a  small  quarry  in  Clinton  rocks, 
whose  location  is  clearly  marked  on  the  Oriskany  Sheet  of  the 
U.  S.  Geological  Survey,  being  at  the  point  where  a  small 
stream  crosses  the  highway  about  half-armile  east  of  Lairds- 
ville. 

While  searching  the  quarry  for  celestite  and  strontianite, 
which  occur  here  in  small  quantity,  the  writer  found  a  small 
rusty-brown  hexagonal  crystal  which,  on  being  touched,  went 
to  pieces  along  basal  cleavage  or  parting  planes.  Without  a 
magnifier,  the  mineral  looked  much  like  weathered  mica,  but 
the  geological  conditions  precluded  the  possibility  of  such  being 
the  case.  Further  search  was  rewarded  by  the  finding  of  a 
number  of  crystals  in  much  better  condition,  and  it  was 
apparent  that  the  mineral  was  pyrrhotite. 

The  crystals  range  in  size  from  microscopic  up  to  about  5°*"^ 
in  greatest  diameter,  and  while  some  of  them  have  the  normal 
bronze-yellow  color  of  pyrrhotite,  they  are  more  commonly 
tarnished  or  superficially  altered  to  limonite,  and  range  from 
yellowish  brown  to  black  in  color,  often  with  strong  iridescence. 

The  crystals  are,  for  the  most  part,  exceedingly  simple,  con- 
sisting of  the  prism  and  base,  with  no  other  faces  developed, 
but  they  show  three  rather  distinct  habits.  The  most  common 
of  these  is  prismatic,  the  length  of  the  prism  being  three  or 
four  times  the  diameter  of  the  base.  Some  of  these  crystals 
are  tapering  and  probably  have  the  form  described  by  Dana,* 
or  one  closely  related,  but  the  faces  are  too  imperfect  to  per- 
mit a  determination.  Another  habit,  shown  by  the  largest 
crystals  found,  is  tabular  parallel  to  the  base,  thus  being  of  the 
type  most  common  for  this  species.  In  this  type,  the  basal 
diameter  is  from  two  to  six  times  the  length  of  the  prism.  In 
both  of  the  foregoing  types  the  prism  faces  are  deeply  striated 
parallel  to  the  base. 

Finally,  the  pyrrhotite  is  scattered  over  the  surfaces  of 
associated  minerals  in  minute,  very  thin  scales,  looking  almost 
like  dust,  but  when  magnified  showing  the  normal  hexagonal 
shape,  and  thus  constituting  an  extreme  case  of  tabular  habit, 
resembling  micaceous  hematite.  Many  of  these  minute  scales 
are  of  irregular  shape  and  sometimes  are  in  arborescent  groups. 
There  are  no  differences  of  association,  age  or  condition  of 
♦Dana,  E.  S.,  this  Journal,  xi,  p.  386, 1876. 
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formation  apparent  to  account  for  these  differences  of  habit, 
their  cause  or  causes  being  entirely  a  matter  of  speculation. 

The  ordinary  basal  cleavage  of  the  species  is  well  shown,  and 
the  magnetic  character  is  marked,  all  specimens  tested  being 
strongly  attracted  bv  a  rather  weak  magnet. 

The  rock  in  which  the  pyrrhotite  occurs  is  a  very  calcareous 
sandstone  associated  with  the  upper  (*'  fossil")  ore  bed  of  the 
Clinton,  and  the  mineral  is  found  in  small  secondary  cavities, 
of  irregular  shape,  lined  with  quartz  and  some  calcite  and 
dolomite.  The  order  of  crystallization  appears  to  be  dolomite, 
qnartz,  calcite  and  pyrrhotite.  As  stated  above,  celestite  and 
strontianite  are  present  in  small  amounts,  as  is  also  a  pale  green 
chloritic  mineral,  whose  quantity  is  too  small  to  admit  of  a 
careful  study. 

The  placing  of  the  pyrrhotite  with  reference  to  the  other 
minerals  present  affords  a  very  pretty  instance  of  selective  pre- 
cipitation which  is  particularly  marked  in  the  case  of  the 
minute  hexagonal  plates.  When  a  cavity  contains  calcite,  the 
pyrrhotite  is  deposited  upon  this  mineral  almost  exclusively. 
Calcite,  which  to  the  naked  eye  looks  dusty,  is  shown  by  the 
microscope  to  be  sprinkled  over  with  beautiful  hexagonal  plates 
of  pyrrhotite,  and  the  latter  often  occupy  depressions  in  the  cal- 
cite, looking  as  though  they  had  been  pressed  down  into  it 
when  it  was  in  a  plastic  condition,  although,  of  course,  such  is 
not  the  case,  the  phenomenon  being  due  to  solution. 

When  calcite  is  lacking  in  a  cavity,  dolomite  supports  the 
pyrrhotite,  and  it  is  only  when  the  crystals  of  the  latter  become 
large  or  very  abundant  that  they  rest  upon  quartz:  Whether 
the  influence  of  the  carbonates  is  chemical,  physical,  or  both, 
is  not  entirely  clear,  but  the  frequent  occurrence  of  pyrrhotite 
plates  in  cavities  of  the  calcite  and  dolomite  is  strongly  sug- 
gestive of  chemical  action.  It  is  worthy  of  note  that  no  pri- 
mary pyrite  was  found  associated  with  the  pyrrhotite,  although 
the  former  mineral  is  rather  frequent  in  the  Clinton  rocks,  and 
at  a  quarry  only  half-a-mile  distant,  and  in  the  same  horizon, 
occurs  in  good  crystals  up  to  an  inch  in  diameter.  Seemingly 
the  iron  sulphide  usually  precipitated  as  pyrite  in  the  Clinton 
rocks  was,  by  some  peculiar  condition,  in  tne  particular  locality 
under  consideration,  crystallized  as  pyrrhotite.  The  associated 
minerals  show  no  corresponding  peculiarities  to  indicate  the 
causes  leading  to  the  formation  oi  pyrrhotite,  and  as  in  their 
conditions  of  original  deposition,  as  well  as  in  subsequent 
history,  these  rocks  must  be  practically  identical  with  the  rocks 
of  adjacent  quarries,  the  modifications  needful  to  produce  pyrr- 
hotite instead  of  pyrite  must  have  been  so  slight  as  to  leave  no 
means  of  tracing  them.  This  is  not,  perhaps,  surprising  in 
view  of  the  close  similarity  in  the  chemical  composition  of  the 
two  minerals  and  yet  it  is  a  fact  that,  in  spite  of  this  similarity, 
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their  geological  relationships  are  somewhat  different.  Pyrrho- 
tite  is  essentially  a  mineral  of  the  igneons  and  metamorphic 
rocks,  and  to  some  extent  of  metalliferons  veins,  while  pyrite 
though  occurring  in  all  of  these  associations  is  also  widespread 
in  the  sedimentary  rocks. 

Lacroix*  gives  live  modes  of  occurrence  for  pyrrhotite :  in 
eruptive  rocks ;  in  contact-metamorphosed  sediments ;  in 
meteorites ;  in  metalliferous  veins  ;  and  in  crystalline  schists  ; 
the  normal  sediments  not  appearing  at  all  in  the  list.  This 
latter  type  of  occurrence  is  represented  by  the  instance  under 
consideration,  which  is  thus  somewhat  exceptional.  Of  course, 
there  is  a  certain  similarity  between  the  secondary  cavities  lined 
with  minerals  deposited  from  solution  and  the  true  metallifer- 
ous veins,  and  it  is  with  the  latter  class  of  occurrences  that  the 
pyrrhotite  here  described  has  more  in  common.  Nevertheless, 
the  conditions  represented  in  the  Clinton  rocks,  though  lead- 
ing to  a  considerable  rearrangement  of  constituents,  are  very 
different  from  those  associated  with  the  formation  of  typical 
metalliferous  veins,  with  their  high  temperatures  and  pressures, 
and  immensely  potent  chemical  agents.  To  place  the  present 
occurrence  of  pyrrhotite  with  the  metalliferous  veins  would  be 
wholly  unjustifiable,  its  proper  classification  being  in  associa- 
tion with  sedimentary  rocks,  corresponding  to  Lacroix'sf  fourth 
mode  of  occurrence  for  pyrite. 

The  finding  of  these  crystals  recalled  a  similar  occurrence 
noted  many  years  ago,  but  never  recorded,  and  of  which  but 
one  specimen  is  at  hand.  The  locality  is  Clinton,  N.  Y.,  some 
four  miles  east  of  the  one  described  above,  and  the  horizon  is 
the  oolitic  iron  ore,  about  twenty  feet  below  the  fossil  ore  of 
the  preceding  locality.  In  this  oolitic  ore  a  few  small  cavities 
lined  with  pyrrhotite  have  been  found.  The  mineral  is  in 
very  thin  hexagonal  plates,  resembling  closely  the  third  habit 
described  above,  with  a  dark-bronze,  or  tarnished  surface. 
The  crystals  are  always  small,  hardly  exceeding  a  millimeter 
in  diameter  and  are  implanted  upon  the  edges.  As  a  further 
instance  of  crystallized  pyrrhotite  in  sedimentary  rocks  they 
are  of  interest,  though  oi  little  consequence  as  specimens  of 
the  mineral. 

Here  again  there  is  a  complete  absence  of  evidence  as  to 
why  pyrrhotite  was  formed  instead  of  pyrite,  which  occurs  in 
much  greater  quantity,  though  not  found  thus  far  in  direct 
association  with  the  pyrrhotite. 

PseudomorphJi, 

The  alteration  of  pyrrhotite  to  limonite  mentioned  above 
runs  all  the  way  from  a  slight  superficial  change  to  complete 
*  Min.  de  la  France,  II,  pt.  2,  p.  564.        \VcA^y  p.  578. 
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pseadoTuorphism,  the  form  of  the  pyrrhotite  alone  remaining, 
in  the  substance  of  the  limonite.  In  such  cases,  the  resultant 
crystal  is  usually  honeycombed  and  cavernous,  though  often 
having  a  nearly  complete  external  shell.  Sometimes  the  shell 
is  quite  hollow,  though  extremely  smooth  and  lustrous  on  the 
surface.  There  is  a  complete  analogy  with  the  pseudomorphs 
described  by  Lacroix,*  except  in  the  matter  of  magnitude,  the 
crystals  here  considered  being  much  smaller.  But  the  analogy 
does  not  cease  here  since  Lacroix^s  pseudomorphs  of  pyrite  and 
marcasite  are  paralleled  by  instances  of  pseudomorphs  of 
pyrite  after  the  pyrrhotite.  In  every  case  noted,  these  pseudo- 
morphs are  either  hallow,  consisting  of  a  mere  shell  oi  pyrite 
preserving  the  form  of  pyrrhotite,  or  are  partly  filled  with 
cavernous  limonite. 

While  the  typical  limonite  pseudomorphs  often  preserve  the 
forms  of  the  pyrrhotite  crystals  very  precisely,  even  to  the 
striation  of  the  prism  faces,  the  pyrite  pseudomorphs  always 
have  a  rather  rough,  irregular  surface.  Apparently,  the 
process  begins  with  the  growth  of  a  coating  of  pyrite  crystals 
upon  the  pyrrhotite,  the  latter  mineral  being  subsequently 
more  or  less  completely  decomposed  and  removed,  leaving  a 
hollow  shell  of  pyrite.  The  individual  crystals  of  pyrite  are 
very  minute,  and  their  form  can  be  seen  only  with  the  micro* 
scope,  and  then  imperfectly,  but  enough  octahedral  faces  are 
shown  to  warrant  the  conclusion  as  to  the  nature  of  the 
mineral.  In  a  few  cases  the  pyrite  has  built  up  the  edges  of 
the  pyrrhotite,  forming  pronounced  ridges,  witn  the  faces  as 
depressions  between  them.  On  account  of  the  small  size  of 
the  secondary  crystals,  it  is  impossible  to  determine  whether  or 
not  they  are  definitely  oriented  with  reference  to  the  pyrrho- 
tite, but  apparently  they  are  not.  For  the  same  reason,  no 
final  conclusion  can  be  reached  as  to  the  possible  presence  of 
marcasite  in  addition  to  the  pyrite.  It  might  well  be  present 
and  escape  detection. 

Evidently  limonite  pseudomorphs  have  sometimes  formed 
directly  from  the  pyrrhotite  and,  again,  they  have  followed 
upon  the  conversion  of  the  latter  mineral  into  pyrite,  the 
former  case  giving  more  perfectly  formed  pseudomorphs. 

While  there  seems  to  be  no  doubt  as  to  the  general  tendency 
of  pyrrhotite  to  alter  into  marcasite  and  pyrite,  the  conditions 
leading  to  such  changes  are  not  clear,  particularly  in  the  case 
of  pyrite.  The  latter  mineral  has  the  greater  specific  gravity, 
and  higher  grade  of  symmetry,  favoring  its  formation  under 
deep-seated  conditions,  and  Van  Hisef  concludes  that  "  doubt- 
less when  the  necessary  chemical  reactions  can  take  place  there 

*Loc.  clt. 

fVan  Hlse,  C.  R.,  Treatise  on  Metamorphism,  Monograph  44,  U.  S.  Geol. 
Survey,  p.  216. 
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is  a  tendency  in  the  lower  zone  for  pyrrhotite  to  alter  to 
pyrite.^' 

It  is  a  fact  that  both  minerals  form  readily  under  deep- 
seated  conditions,  but  it  is  also  true  that  pyrite  often  is  deposited 
near,  or  at,  the  surface,  being  a  common  constituent  of  sedi- 
mentary rocks ;  while  on  the  other  hand  pyrrhotite  is  distinctly 
rare  in  such  environment,  and  apparently  tends  to  pass  over 
into  pyrite  as  it  comes  within  the  influence  of  surface  condi- 
tions. Thus  while  it  may  be  that  pyrrhotite  changes  into 
pyrite  at  great  depth,  it  certainly  does  so  nearer  the  surface, 
although  the  comparatively  rare  occurrence  of  crystals  causes 
a  correspondingly  limited  number  of  determinable  examples  of 
the  change. 

Marcasite,  on  the  other  hand,  is  a  mineral  of  moderate  depth, 
changing  under  the  deeper  seated  conditions  into  the  denser 
and  more  symmetrical  pyrite.  As  a  pseudomorph  after  pyr- 
rhotite, it  would  ordinarily  represent  more  superficial  condi- 
tions, and  might  well  result  from  a  second  stage  of  alteration, 
the  first  being  the  alteration  of  pyrrhotite  to  pyrite,  the  second 
the  alteration  of  pyrite  to  marcasite.  Thus  pyrrhotite,  formed 
originally  at  considerable  depth,  when  brougnt  under  the  influ- 
ence of  more  superficial  conditions  becomes  unstable  and  tends 
to  pass  over  into  such  compounds  as  would  naturally  form 
under  these  conditions,  and  we  have  pseudomorphs  of  pyrite 
and  marcasite,  sulphides  that  readily  form  at  moderate  depths. 
This  is  in  harmony  with  the  molecular  volume  relations  of  the 
three  minerals,  the  molecular  volume  of  pyrrhotite,  pyrite  and 
marcasite  being  respectively,  19-1,  23*2  and  25*4,  as  quoted  by 
Grubenmann*  from  Becke. 

Finally,  under  distinctly  superficial  conditions,  with  abund- 
ance of  oxygen,  the  last  stage  of  the  series  is  the  formation  of 
limonite,  a  most  stable  product  under  these  conditions. 

While,  in  some  cases,  all  of  these  stages  of  alteration  might 
be  passed  through,  in  other  cases  only  part  of  them  would  be 
represented,  as  determined  by  local  conditions,  and  any  stage 
might  be  partial  or  complete.  In  the  particular  instance  here 
described,  it  is  quite  clear  that  there  has  been  a  partial  altera- 
tion of  some  crystals  to  pyrite  followed  by  a  more  or  less  com- 
plete change  of  the  pyrite  to  limonite.  In  other  crystals  the 
pyrite  stage  is  apparently  lacking,  the  passage  from  pyrrhotite 
to  limonite  being  direct.  Finally,  many  crystals  are  quite 
fresh  and  unchanged.  As  before  stated,  it  is  impossible  to 
determine  whether  or  not  any  marcasite  has  been  formed. 

The  unusual  feature  of  the  case  lies  in  the  fact  that  the  first 
stage  in  the  whole  series  of  operations,  that  is  the  formation  of 
the  pyrrhotite,  represents  geological  conditions  quite  different 
from  those  under  which  this  mineral  is  usually  developed. 

Princeton  University. 

*6mbenmann,  U.,  Die  Kristallinen  Schiefer,  I,  p.  87. 
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Akt.  XVI. — Ferritungatite^  a  New  Mineral ;  by  Waldbmae 

T.  SOHALLER. 

A  SAMPLE  of  tungstic  ocher  was  collected  in  the  State  of 
Washington  by  Mr.  Howland  Bancroft,  of  the  U.  S.  Geologi- 
cal Survey.  The  exact  locality  is  the  Gerinania  Tungsten 
Mine,  Deer  Trail  mining  district,  northeastern  part  of  the 
State  of  Washington.  Mr.  Frank  L.  Hess,  also  of  the  U.  S. 
Geological  Survey,  suggested  that  the  tungstic  ocher  might 
prove  of  suflEicient  interest  to  warrant  careful  study.  On  micro- 
scopic examination,  the  earthy  looking  ocher  was  found  to  be 
well  crystallized  and  pure  and  chemical  tests  showed  that  the 
ocher  was  a  hydrous  ferric  tungstate,  entireljr  different  from 
ordinary  tungstic  ocher,  called  tungstite,  which,  as  Walker* 
showed,  has  the  formula  WO,H.,0.  For  the  privilege  of 
describing  this  interesting  new  mineral,  I  am  indebted  to  the 
two  gentlemen  above  named. 

Examination  under  the  microscope  shows  thsX  ferritungetite 
crystallizes  in  hexagonal  plates,  evenly  developed  but  very 
minute.  Those  lying  flat  on  the  base  are  isotropic  under 
crossed  nicols,  but  are  too  small  to  exhibit  any  interference 
figures.  Such  crystals  as  are  partially  tilted,  show  decided 
double  refraction  on  their  edge.  A  small  quantity  of  gangue, 
mostly  quartz,  is  mixed  with  the  mineral  but  limonite  stains 
are  almost  absent,  though  occasionally  a  little  can  be  seen. 

Ferritungaiite  results  from  the  oxidation  of  wolframite  and 
is  associated  with  that  mineral  in  massive  quartz.  The  cleav- 
age, hardness  and  density  of  ferrittmgstite  could  not  be  deter- 
mined. The  color  is  pale  yellow  to  brownish  yellow  when 
pure.  It  gives  off  water  in  a  closed  tube,  and  is  decomposed 
by  acids,  yellow  oxide  of  tungsten  separating  out. 

Only  a  few  tenths  of  a  gram  of  pure  material  were  available 
for  analysis.  Two  samples  were  collected  at  different  times 
from  the  same  specimen.  Qualitative  tests  showed  the  absence 
of  MoO„SO„P,Oj,  and,  in  general,  of  substances  other  than 
those  given  in  the  analyses.  "  The  analyses  of  the  two  samples 
are  given  below. 

Analyses  of  ferritungstite, 

1  2 

WO, 37-1  35-8 

Fe.O    26-6  27-3 

H,0(lgn.) 18-6  20-9 

Insol 14-7  [16-0] 

97-0  100-0 

*  This  Journal  (4),  xxv,  305,  1908. 
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The  ratios  deduced  herefrom  are  shown  in  the  following 
table : 

Ratios  of  analyses  of  ferritungstite. 
1  2 

WO, -16  or     -04  -16  or    -88 

Fe,0, -17  "    1-00  -17  «  1-00 

H,0 1-03  «   6-06  1-16  "   6-82 

These  ratios  are  close  enongh  to  1 : 1 : 6  to  show  that  the 
formula  for  ferriiungstite  is  Fe,0,.W0,.6H,0.  Below  are 
shown  the  two  analyses  with  the  insoluble  matter  deducted  and 
recalculated  to  100  per  cent,  compared  with  the  theoretical 
values  calculated  from  the  formula  Te,0,.W0,.6H,0. 

Comparison  of  analyses  with  calculated  composition. 

Analysis  1  Analysis  2  Oalcnlated 

WO, 45-1                42-6  46-4 

FeX), 32*3                32-6  32*0 

H,0 22-6                24-9  21-6 

100-0  100-0  100-0 

The  mineral  is  different  from  any  described  and  the  new  name 
proposed,  ferriiungstite^  shows  its  chemical  relation  to  ordi- 
nary tungstic  ocher  or  tungstite. 

Chemical  Laboratory, 
U.  S.  Geological  Survey. 
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Aet.  XVII. — A  Method  of  Removing  Tests  froin  Fossils;  by 

S.  S.  Buckman. 

The  following  remarks  apply  especially  to  brachiopods ;  but 
there  is  reason  to  believe  that  the  method  may  be  extended 
with  advantage  to  other  classes  of  fossils.  Among  brachiopods 
natural  casts  are  not  frequently  met  with,  except  in  a  few 
favored  localities;  and  the  natural  casts  are  often  unsatisfac- 
tory. Therefore  a  method  of  making  artificial  casts  by  removal 
of  the  test  becomes  of  value  when  it  is  desired  to  study  internal 
characters.     The  following  is  the  method : 

Choose  specimens  which  are  not  crystalline,  and  preferably 
those  which  are  likely  to  have  a  coarse-grained,  hard  internal 
core.  Heat  them  to  redness  and  then  drop  into  water. 
Much  of  the  test  will  then  fall  off ;  what  remains  can  some- 
times be  wholly  removed  by  brushing.  If  not,  the  delicate  use 
of  a  sharp  penknife  will  separate  the  rest.  Care  must  be 
employed  m  using  the  penkniie  to  prevent  scratching  of  details 
of  muscle  marks,  ovarian  area,  or  vascular  markings. 

Heating  may  be  done  in  an  ordinary  fire^  but  it  is  not  alto- 

Sither  satisfactory;  the  specimens  may  be  burnt  too  much, 
eating  by  means  of  a  bunsen  flame,  or  a  spirit  lamp,  or  for 
larger  specimens  a  gas  or  spirit  blow-lamp,  is  more  satisfac- 
tory. As  the  test  is  most  adherent  over  the  muscle  areas,  they 
should  be  heated  most ;  that  is,  the  specimens  should  be  held 
beak  downwards  in  the  flame  in  the  case  of  brachiopods. 

Experiments  so  far  have  been  chiefly  with  Mesozoic  brachio- 
pods, and  of  these  the  Rhynchonellids  come  out  most  satisfac- 
torily, presumably  ou  account  of  their  fibrous  test;  some  of 
them  make  very  beautiful  casts,  showing  all  details  excellently, 
but,  of  course,  much  depends  on  the  state  of  fossilization.  The 
DallininsB  have  also  yielded  satisfactory  results,  but  for  some 
reason  the  Terebratulids  do  not  come  out  so  well,  and  the  pro- 
portion of  spoilt  specimens  is  considerable. 

In  the  case  of  rare  specimens  the  method  should  only  be 
employed  after  careful  consideration :  there  is,  of  course,  a  risk 
of  destroying  the  specimen  altogether,  and  in  any  case  details 
of  test,  of  beak,  deltidial  plates,  etc.,  will  be  lost. 

The  method  was  suggested  by  receiving,  for  description, 
from  the  Geological  Survey  of  India  a  series  of  brachiopods 
from  Burma,  which  had  been  burnt  by  Mr.  T.  D.  La  Touche 
for  the  purpose  of  extracting  them  from  a  rather  intractable 
matrix.  Many  showed  as  a  consequence  good  internal  details, 
and  that  fact  suggested  burning  other  species  to  compare  with 
them. 

Thame,  Ozon,  England. 
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Abt.  XVIII. — On  the  Decomposition  of  the  Cerium  Earth 
Double  Sulphates  with  the  Alkali  JSvlpha^  by  Fusion 
with  Charcoal  \  by  Philip  E.  Bbowning  and  fmLip  L. 
Blumenthal. 

[Contribations  from  the  Kent  Chemical  Laboratory  of  Yale  Uniy. — ccxxii.] 

Among  the  best  known  and  chief  sources  of  the  cerium  earths 
are  their  insoluble  double  sulphates  with  the  alkali  sulphates 
obtained  as  a  by-product  in  the  process  for  the  separation  of 
these  earths  from  the  earths  of  the  yttrium  group.  The  prob- 
lem which  has  to  do  with  the  conversion  of  tnese  insoluble 
sulphates  into  soluble  salts  of  the  cerium  earths  is  therefore 
an  important  one.  The  procedure  in  general  use  brings  about 
this  result  by  treating  the  double  sulphate  with  sodium  or 
potassium  hydroxide  until  the  cerium  earths  are  converted  to 
the  hydroxides  when  the  alkali  sulphates  may  be  removed  by 
washing.  The  hydroxides  are  then  dissolved  in  any  conven- 
ient acid.  This  method  is  at  best  tedious  both  in  the  prepara- 
tion of  hydroxides  and  the  removal  by  washing  of  the  alkali 
sulphates.  The  double  sulphates  are  sometimes  digested  with 
hydrochloric  acid  and  then  treated  with  water,  but  here  also 
the  process  is  slow  in  yielding  soluble  cerium  earth  material. 
Or,  the  double  sulphates  are  treated  with  large  volumes  of 
water,  frequently  stirred,  a  method  even  more  time  consuming 
than  the  others. 

The  work  to  be  described  was  undertaken  to  test  the  appli- 
cation of  the  reduction  by  carbon  to  this  problem.  This 
method  has  been  applied  to  the  preparation  of  soluble  barium 
and  strontium  salts  from  barite  and  celestite*  and,  as  we  dis- 
covered late  in  our  work,  is  mentioned  in  connection  with  some 
work  on  cerium  over  fifty  years  ago.f  As  this  early  work 
gave  no  details  or  numerical  results  and  contained  some  state- 
ments which  our  work  would  hardly  bear  out  we  have  thought 
best  to  give  our  results. 

The  material  which  we  used  was  a  crude  double  sulphate,  a 
technical  by-product  carrying  appreciable  amounts  of  calcium 
and  iron  salts  together  with  some  sand. 

In  order  to  obtain  a  standard  to  which  to  refer  results,  five 
portions  of  one  gram  each  were  dissolved  in  from  300-4:00^'""  of 
water  by  frequent  stirring  for  several  hours  and  the  solutions 
were  precipitated  in  faint  acidity  by  oxalic  acid.  The  oxalate 
was  ignited  and  the  oxide  weighed,  yielding  0'3897  grm. 

*  Introduction  to  Chemical  Preparations,  Erdmann-Dnnlap,  first  edition^ 
pa^i^es  27  and  80. 

fBerzelins  and  Hi8inger(1804),  Ann.  Chim.  phys.,  L,  259;  Beringer  (1842), 
Liebig  Ann.,  zlii,  135  ;  Schmidt  (1852),  Liebig  Ann.,  Izzziii,  329. 
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Four  portions  of  1  grm.  each  were  thoroughly  mixed  with  2 
gnn.  of  charcoal  and  heated  in  a  covered  porcelain  crucible 
over  a  bunsen  flame  for  from  30-45  minutes.  After  cooling, 
the  mass  was  treated  with  about  4:^°*'  of  strong  hydrochloric 
acid  and  10*^"*  of  water  when  the  solution  of  the  cerium  earths 
took  place  with  the  abundant  evolution  of  hydrogen  sulphide. 
The  residue  of  the  charcoal  was  filtered  off  and  the  cerium  earths 
in  the  filtrate  were  precipitated  by  oxalic  acid  in  the  usual 
manner.  The  average  of  these  results,  agreeing  within  a  few 
milligrams,  was  0'3908  grm.  Three  determinations  each  with 
5  grams  of  the  material  and  5  grm.  of  charcoal  heated  45 
minutes  gave  an  average  result  of  2*021  grm.;  and  four 
portions  of  10  grm.  heated  with  from  8-15  grm.  of  charcoal 
from  15-35  minutes  yielded  an  average  of  4'37  gnn.  of  the 
oxides.  Finally  a  portion  of  100  grm.  was  mixed  with  200 
grm.  of  charcoal  and  heated  in  a  battersea  crucible  in  a  furnace 
for  about  one  hour.  The  yield  of  this  experiment  was  a  little 
over  40  grm.  of  the  oxides. 

The  conclusion  from  this  work  is  that  the  double  sulphates 
of  the  cerium  earths  with  alkali  sulphates  are  readily  decom- 

Eosed  by  heating  with  charcoal  into  a  form  easilv  attacked  by 
ydrochloric  acid  with  the  formation  of  soluble  chlorides. 
In  course  of  this  investigation  it  was  found  that  the  reduc- 
tion of  the  double  sulphates  to  sulphides  by  charcoal  was  not 
complete  although  the  product  was  readily  attacked  by  hydro- 
chloric acid.  Accordingly  several  experiments  were  made  to 
determine  the  best  conditions  for  forwarding  the  reducing 
action.  The  results  appear  in  the  table  and  were  obtained  by 
determining  the  amount  of  sulphate  present  in  the  hydro- 
chloric acid  extract  after  carbon  fusion,  by  precipitation  with 
barium  chloride. 


AmoTint  of 

double 

sulphate 

taken 

Amount  of 

charcoal 

used 

Time  of 
fusion 

Per  cent 
sulphate 
reduced 

grm. 

grm. 

mins. 

2 

30 

60-6 

2 

60 

70-6 

2 

120 

91-0 

2 

140 

84-6 

2 

240 

80-6 

4 

30 

69-0 

4 

60 

75-4 

4 

30 

70-8 

4 

30 

64.0 

4 

60 

93-7 

(1) 

(2) 
(3) 
(♦) 
(5) 
(«) 
(7) 
(8) 

{») 
(10) 
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In  experiments  1-9  the  heating  was  carried  on  in  a  covered 
crucible  over  a  biinsen  burner,  and  experiment  10  in  a  furnace. 
In  experiment  8  the  heating  was  conducted  in  a  current  of 
hydrogen  and  in  experiment  9  in  an  atmosphere  of  carbon 
dioxide. 

The  best  conditions  seem  to  involve  a  moderate  excess  of 
cliarcoal  with  about  an  hour's  heating. 

May,  1911. 


SCIENTIFIC    INTELLIGENCE. 

I.     Geology  and  Mineealoqy. 

1.  La  Granodiorita  de  Conc^f>cion  del  Oro  en  el  JSstado  de 
ZacatecaSy  y  aus  Formaciones  de  Contacto  ;  por  A.  Bbbobat.  Bol. 
del  Inst.  Geol.  de  Mexico,  No.  27  ;  1910.  4°,  pp.  109,  9  plates. — 
After  a  general  description  of  the  region,  with  a  brief  account  of 
the  stratified  rocks,  the  author  describes  the  principal  mass  of 
granodiorite  with  petrographic  details  and  chemical  analyses. 
After  mention  of  schlieren  and  inclusions  he  then  takes  up  the 
subject  of  the  contact  metamorphism,  both  endomorphic  and  exo- 
morphic.  The  former  consists  partly  in  a  change  of  grain  and 
partly  in  the  intense  absorption  of  lime  from  neighboring  lime- 
stones, whereby  an  intermediate  zone  of  garnet  rock  is  produced. 
In  the  latter  the  limestones  are  converted  into  marble,  filled  in 
places  with  garnet,  wollastonite,  vesuvianite  and  other  minerals. 
In  some  places  at  the  contact  are  deposits  of  pyrite  and  chalcopy- 
rite,  in  others  hematite  and  magnetite,  with  blende  and  tennant- 
ite  with  quartz,  which  are  referred  to  emanations  from  the 
magma.  These  various  features,  with  the  mines,  are  described  in 
detail,  the  whole  forming  a  valuable  contribution  to  Mexican 
geology,  and  to  our  knowledge  of  the  occurrence  of  ore  deposits. 

L.  V.  p. 

2.  Fourteenth  Annual  Report  of  the  Geological  Commission 
of  the  Cape  of  Good  Hope  for  1909,  Pp.  116,  vi.  Cape  Town, 
1910. — This  report  is  comprehensive  in  characler  and  presents  the 
results  obtained  by  the  Director,  A.  W.  Rogers,  working  in  con- 
junction with  A.  L.  Du  To  IT.  The  geology  of  Kenhardt,  Prieska, 
and  Carnarvon,  is  fully  described ;  this  is  the  region  extending 
from  the  Orange  River  to  XJpington  and  southward  to  near 
Carnarvon.  The  most  important  part  of  the  work  has  to  do  with 
the  old  formations  referred  to  under  the  so-called  Kheis  series 
and  the  granitic  rocks  associated  with  them.  Some  new  facts  are 
also  given  in  regard  to  the  bowlder  beds  of  the  Dwyka  series, 
and  the  Kimberlite  pipes  and  dikes  in  Carnarvon  and  Victoria 
West. 
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Two  sheets  of  the  geological  map  have  also  recently  appeared : 
these  are  No.  1 1,  Clanwilliam,  and  No.  13,  Beaufort  West-Fraser- 
burg. 

3.  Noricegian  Geological  Survey, — The  following  important 
pablications  have  been  recently  received  : 

Nr.  50.     Norges  Geologi  ;av  Dr.  Hans  Rkusch.     Pp.  viii,  196. 

Nr.  66.  Rennebu :  Fjeldbygningen  inden  Uektangelkarlet 
Rennebns  Omraade  ;  af  Carl  Buggb.     Pp.  42,  with  ^eol.  map. 

Nr.  57.  Aarbok  for  1910  ;  utgit  av  Dr.  Hans  Reusch.  In 
four  parts,  pp.  20,  49,  67,  24  ;  with  plates,  charts  and  text  figures. 

4.  State  of  Tennessee — State  Geological  Survey.  Geo.  H. 
AsuLET,  State  Geologist. — The  following  are  recent  publications : 

Bulletin  4.  Administrative  Report  of  State  Geological  Survey, 
1910  ;  by  Geo.  H.  Ashley.     Pp.  69.     Nashville,  1911. 

Bibliography  of  Tennessee  Geology,  Soils,  Drainage,  Forestry, 
etc.,  with  subject  index  ;  by  Elizabeth  Cockrill.  Pp.  119. 
Extract  from  liulletin  1. 

5.  Handbuch  der  Mineralogie ;  von  Dr.  Carl  Hintze.  Erstcr 
Band,  vierzehnte  Lieferung,  Pp.  2081-2240,  Leipzig,  1911  (Veit 
&  Comp.) — This  is  the  twenty-sixth  part  of  Hintze's  Handbuch, 
and  although  more  than  twenty  years  have  passed  pince  Part  I 
was  issued,  the  author's  work  is  no  less  careful,  accurate  and 
thorough  than  at  the  beginning.  The  species  halite,  or  rock  8:ilt, 
occupies  nearly  230  pages,  or  practically  the  wht)le  of  the  present 
issue. 

6.  Catalogue  of  the  Minerals  of  Tasmania,  Pp.221.  Hobart, 
1910. — A  second  edition  of  the  Catalogue  of  Tasmanian  minerals, 
by  W.  F.  Petterd  (see  vol.  iii,  352,  1897),  will  be  welcomed 
because  of  the  remarkable  variety  of  species  which  the  island 
has  afforded.  Three  hundred  and  fifty-six  species  are  discussed 
in  this  pamphlet  of  more  than  200  pages,  and  among  these  we 
note  the  following  names  which  have  not  appeared  in  the  Jour- 
nal: Hatchelorite  (p.  22)  is  a  hydrated  silicate  of  aluminium 
occurrine  in  green  foliated  or  slatj'  masses,  as  nodules  in  schist, 
at  the  Mt.  Lyell  mine.  Hardness  =  4  ;  specific  gravity  =  3*3. 
An  analysis  by  G.  F.  Beardsley  gave:  SiO,  49*4,  Al/O,  451, 
H,0  5*6=  101  "1. — The  name  was  given  by  J.  W.  Gregory  in 
1905  after  W.  T.  Batch elor ;  it  had  been  called  pyrophyllite. 
Stichtite  (p.  167)  is  a  hydrated  carbonate  of  magnesium,  chro- 
mium, iron,  named  after  Mr.  Robert  Sticht,  It  forms  foliated  to 
compact  masses  of  a  lilac  color  occurring  in  serpentine  at  Dundas 
near  the  Adelaide  mine.  It  had  passed  earlier  under  the  name 
of  kammererite.  In  addition  to  much  interesting  information 
in  regard  to  many  different  species,  is  to  be  noted  a  full  account 
of  the  remarkable  crocoite  of  Tasmania,  with  mention  of  several 
new  crystal  forms. 

7.  TTie  Minerals  of  Guanajuato^  Mexico, — Dr.  E.  Wittich 
has  given  a  list  of  the  large  number  of  species  occurring  in  the 
mining  district  of  Guanajuato.  Among  the  points  of  interest 
brought  out  may  be  noticed  the  existence  of  bismuth  in  the  Sierra 
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de  Santa  Rosa,  and  also  of  the  lead  tungstate/ raspite,  which  has 
only  been  known  hitherto  from  the  original  locality  in  New  South 
Wales  and  from  Brazil. — Soc,  Geol.  Mexicana^  and  Mem.  AhatCy 
xxviii. 

8.  Minerals  from  the  Belgian  Congo. — Dr.  H.  Buttgknbacii 
gives  an  account  of  the  Congo  minerals  in  the  Annales  du  Musee 
du  Congo  Beige.  Among  the  points  of  special  interest  may  be 
noticed  the  diamonds  in  Katanga,  the  various  copper  minerals 
including  chalcocite,  dioptase  and  azurite,  also  of  strontianite 
from  Kindu. 

9.  Die  Anwendung  der  stereographischen  Ptojektion  bet 
kristallographiachen  Unterauchungen  ;  by  H.  E.  Bobkb.  Pp.  viii, 
58;  1  plate  and  57  text-figures.  Berlin,  1911  (Gebrttder  Born- 
trsBger). — This  little  book  has  been  written  with  the  object  of 
furnishing  German  students  of  crystallography  a  description 
of  the  principles  of  the  stereographic  projection  together  with 
illustrations  of  the  various  uses  to  which  it  can  be  put.  Tiie 
protractor  which  it  describes  is  the  stereographic  net  devised  by 
VVulff.  This  consists  in  a  net  which  shows  the  projection  of  all 
great  and  small  circles  drawn  for  every  two  degrees.  The  draw- 
ing of  the  stereographic  projection  is  made  on  transparent  paper 
and  then  by  placing  it  above  the  stereographic  net  in  the  proper 
position  any  desired  angle  can  be  measured,  etc.  It  is  to  be 
regretted  that  the  book  did  not  also  describe  the  transparent 
protractors  and  the  stereographic  scales  devised  by  Penfield. 
The  book  is  well  written  and  illustrated  and  should  serve  to 
extend  the  use  of  this  valuable  method  of  projection,      w.  e.  p. 

II.     Miscellaneous  Scientific  Intelligence. 

1.  A  Second  Course  in  Algebra ;  by  Prof.  H.  E.  Hawkes, 
Columbia  University,  and  W.  A.  Luby  and  V.  C.  Touton,  Cen- 
tral High  School,  Kansas  City.  Pp.  vii,  264.  Boston  and  New 
York,  1911  (Ginn  &  Co.). — The  present  work,  together  with  the 
First  Course  in  Algebra  by  the  same  authors  and  the  Advanced 
Algebra  by  Professor  Hawkes,  completes  a  series  adapted  to  the 
use  of  a  very  large  body  of  students  and  already  extensively 
used.  The  volume  now  under  review  is  admirable  for  clearness 
of  presentation  and  freshness  of  statement.  Graphical  methods 
are  used  more  freely  and  effectively  than  in  any  work  on  algebra 
known  to  the  writer  of  this  notice.  Historical  notes  are  also  in- 
serted with  great  frequency  and  add  much  to  the  interest  and  value 
of  the  book.  It  may,  we  think,  be  fairly  said  that  no  treatise  on 
algebra  now  before  the  public  is  likely  to  produce  as  vivid  an 
interest  in  that  science  in  so  many  students.  w.  b. 

2.  Les  Progr^set  V Evolution  de  L^ Astronomic ;  par  J.  Mas- 
CAKT  (Estract  from  Astronomia  Popolare,  Turin).  Pp.  18. 
— An  estimate,  thoughtful  and  suggestive,  of  the  best  lines  of 
development  in  observational  astronomy,  and  of  the  possibility  of 
increased  efficiency  through  the  coordination  of  work  and  the 
cooperation  of  the  workers.  w.  b. 
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84:  Eighth  Mineral  List:  A  descriptive  list  of  new  arrivals, 
rare  and  showy  minerals. 

85 :  Minerals  for  Sale  by  Weight:  Price  list  of  minerals  for 
blowpipe  and  laboratory  work. 

86:  Minerals  and  Rocks  for  Working  Collections:  List  of 
common  minerals  and  rocks  for  study  specimens;  prices 
from  I  Yi  cents  up. 

Catalogue  26:  Biological  Supplies:  New  illustrated  price  list 
of  material  for  dissection ;  study  and  display  specimens^ 
special  dissections ;    models,  etc.     Sixth  edition. 

Any  or  all  of  the  above  lists  will  be  sent  free  on  request.  We  are 
constantly  acquiring  new  material  and  publishing  new  lists.  It  pays  to 
be  on  our  mailing  list. 
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Synthetic  Gems. 


WHAT  THEY  ARE  AND  HOW  THEY  ARE  MADE. 

I  have  jast  secured  a  small  namber  of  sets  of  Synthetic  gems  of  Oomndam. 
Each  set  comprises  a  series  of  cut  and  rough  material  with  samples  of  the 
raw  chemical  products  from  which  tbay  are  made. 

The  set  consists  of  fifteen  specimens  of  the  rough  material  and  ten 
specimens  of  cut  gems  in  the  following  colors :  white,  yellow,  pink,  blue 
and  pigeon  blood.  Elach  8x>ecimen  of  the  rough  material  has  a  gem  of  the 
same  color.  The  average  total  weight  of  the  raw  material  is  237  carats, 
which  usually  is  sold  at  25  cents  per  carat.  The  average  total  weight 
of  the  cut  gems  is  27  carats,  usually  sold  at  |<1.00  per  carat.  The  total  value 
without  box  and  chemicals  is  about  $166.00. 

I  was  fortunate  enough  to  secure  a  small  number  of  these  sets  at  a  remark- 
able low  figure  and  can  therefore  supply  museams,  professors  and  collectors 
with  same  for  $75.00  less  10  per  cent,  for  the  months  of  August  and 
September.  Send  for  a  copy  of  my  five  page  leaflet  describing  the  manu- 
facture of  these  interesting  gems. 

The  display  box  is  93^x73^  inches,  plush  lined,  properly  labelled.  No 
complete  scientific  collection  should  be  without  this  series.  I  will  be  pleased 
to  send  a  set  on  approval  to  anyone  on  request. 

AN  UNUSUAL  OPPORTUNITY. 

Having  greatly  enlarged  my  stock  of  California  tourmalines,  kunzites,  pink 
beryls;  hiddenite,  ruby  corundum  and  rutile  xls.  from  North  Carolina,  also 
green  gem  tourmaline  crystals  from  Haddam  Neck,  Connecticut,  I  shall 
make  special  reductions  for  the  months  of  August  and  September  on  these 
celebrated  gem  minerals.  I  have  materially  reduced  the  prices  en  these 
gem  minerals,  which  will  place  them  within  the  reach  of  all.  This  is 
the  opportunity  for  collectors  to  get  a  fine  series  for  their  collections. 

I  will  gladly  send  on  approval  an  assortment  fur  inspection  upon  request 
by  express  prepaid. 

IMPORTANT  NOTICE. 

It  has  been  usual  for  the  past  seven  years  to  offer  special  inducements  to 
visit  us  during  the  Summer  months.  In  order  to  do  ^is  with  little  expense) 
to  yourself,  we  offer  you  a  10  per  cent,  discount  on  rare  and  polished 
minerals  and  cut  gems,  and  20  per  cent,  on  ordinary  mineral  specimens. 
This  enables  you  to  pay  your  traveling  expenses  with  the  discount  on  your 
bill.  If  you  are  unable  to  visit  us  and  see  our  wonderful  display,  write  us 
what  you  are  interested  in,  and  we  will  send  you  a  box  on  approval.  We 
prefer  to  be  busy,  even  if  we  have  to  divide  our  profit  with  you.  Do  not 
delay,  but  write  or  call  on  us  at  once.  This  offer  is  only  good  for  the  months 
of  August  and  September. 
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Art.  XIX. — The   Probable   Influence  of  the  Soil  on  Local 
Atmospheric    Radioactivity;     by    James     Cox    Sander- 


B.A. 


Introduction, 


Through  the  investigations  of  Elster  and  Geitelf  attention 
was  first  called  to  the  fact  that  the  ordinary  atmosphere 
normally  contains  radioactive  constituents  which  can  be  col- 
lected by  suspendinff  a  negatively  charged  wire  for  some  time 
in  the  open  air.  Their  experiments  also  showed  that  the  air 
of  cellars  and  caves  contains  a  relatively  greater  proportion  of 
radioactive  material  than  the  free  air  above  ground,  which 
suggested  the  possibility  that  the  radioactive  substances  in  the 
air  might  be  of  subterranean  origin.  The  work  of  other  inves- 
tigators along  the  same  lines  has  contributed  largely  to  the 
extension  of  our  knowledge  of  the  nature  and  origin  of  atmos- 
pheric radioactivity. 

Bumstead:|:  collected  the  active  deposit  upon  a  long  wire, 
stretched  in  the  open  air  and  charged  to  a  high  negative  poten- 
tial. He  was  the  first  to  show  conclusivefy  that  the  atmos- 
pheric radioactivity  was  due  in  part  to  the  presence  of  radium 
emanation  and  its  disintegration  products,  and  in  part  to  the 
emanation  and  the  disintegration  products  of  thorium. 

6ockel§  has  examined  the  problem  from  the  meteorological 
point  of  view  and  has  found  very  considerable  variations  in 
the  atmospheric  radioactivity  to  exist  with  rising  and  falling 

•  Thesis  presented  to  the  Faculty  of  the  Graduate  School  of  Yale  Univer- 
sity, Jane,  1911,  for  the  degree  of  Doctor  of  Philosophy, 
t  Phys.  Zeitschr.  ii,  590,  1901.  %  This  Journal,  xviii,  p.  2,  1904. 

jPhys.  Zeitschr.,  iv,  604,   1902-3;  v,  591,  1904;  ix,  804,  1908;  ix,  907, 
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barometer,  varying  direction  and  velocity  of  winds,  etc.  The 
radium  emanation  is  evidently  the  one  which  is  affected  by 
such  changes  in  atmospheric  conditions,  since  it  has  a  compar- 
atively long  half-value  period,  can  be  carried  great  distances 
and  diffuses  to  great  heights  before  completely  disintegrating. 
The  thorium  emanation,  on  the  other  hand,  with  its  compar- 
atively short  life,  will  only  be  found  neAr  the  surface  of  the 
earth.  Dadourian*  and  W.  Wilsonf  used  the  method  of  the 
negatively  charged  wire  to  determine  the  ratio  of  the  amounts 
of  radium  and  thorium  emanations  in  the  atmosphere.  Kurz,± 
using  much  the  same  method,  obtained  accurate  curves,  as  well 
as  some  quantitative  data,  for  the  active  deposits. 

Since  the  emanations  present  in  the  atmosphere  must  have 
their  origin  in  the  soils  and  rocks  of  the  earth's  surface,  a 
study  of  the  radioactive  properties  of  the  underground  air 
might  be  expected  to  furnish  valuable  data  on  the  nature  and 
origin  of  atmospheric  radioactivity. 

Ebert,§  Dadourian  ||  and  Blanc!"  have  investigated  the  radio- 
activity of  the  underground  air.  In  each  instance  the  active 
deposit  was  collected  upon  a  negatively  charged  electrode  over 
which  underground  air  was  drawn,  or  which  was  allowed  to 
stand  in  a  vessel  filled  with  underground  air.  Blanc  placed  a 
large  vessel,  opened  at  the  bottom,  upon  the  ground  and  col- 
lected, upon  a  negatively  charged  electrode,  the  active  deposit, 
produced  by  the  emanation  diSusing  into  it.  He  plotted  the 
decay  curve  of  this  active  deposit  and,  from  the  curve,  deduced 
the  amount  of  thorium  active  deposit  initially  present.  He 
then  allowed  thorium  emanation  to  diffuse  into  the  same  vessel 
from  a  tube  containing  a  known  amount  of  thorium  hydroxide 
mixed  with  sand.  On  comparing  the  amounts  thus  obtained, 
he  concludes  that  there  must  be  at  least  1-45  X  10"*  gram  of 
pure  thorium  per  gram  of  vegetal  earth  in  Kome. 

In  one  of  the  earlier  experiments  of  Elster  and  Q-eitel,**  the 
underground  air  was  drawn  continuously  into  the  electroscope 
for  an  hour.  The  rise  of  the  activity,  due  to  the  production 
of  active  deposit,  was  measured  and,  when  this  had  reached  a 
maximum,  tne  current  of  air  was  stopped  and  the  decay  of  the 
activity  followed  for  many  hours.  They  afterward  devised 
and  employed  the  method  of  collecting  the  active  deposit  on  a 
negatively  charged  electrode  which  is  subsequently  placed  in 
the  ionization  vessel.  An  examination  of  the  literature  of  the 
subject  has  failed  to  disclose  any  other  instance  where  the 

♦This  Journal,  xxv,  335,  1908.  f  Phil.  Mag.,  xvii,  321,  1909. 

JPhys.  Zeitsohr.,  ix,  177,  1908.  §Phy8.  Zeitschr.,  iv,  162,  1902-3. 

(This  Journal,  xix,  16,  1905. 

ITPhyB.  Zeitschr.,  ix,  294,  1908;  Phil.  Mag.,  xviii,  146,  1909. 
»*Phy8.  Zeitschr..  lii,  574,  1901-2. 
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radioactive  properties  of  the  underground  air  have  been  studied 
by  drawing  a  current  of  air  directly  through  an  electroscope. 

The  object  of  the  present  investigation  was  to  determine,  by 
an  elaboration  of  the  early  experiment  of  Elster  and  Geitel 
just  cited,  the  character  and  amount  of  the  gaseous  radioactive 
constituents  of  the  soil. 

The  general  scheme  of  the  investigation  was  as  follows  : 

A  current  of  underground  air  was  drawn  from  a  small  iron 
vessel,  buried  about  120  centimeters  beneath  the  surface  of  the 
earth  under  tbe  basement  floor  of  the  Physical  Laboratory,  and 
was  conducted  through  the  ionization  chamber  of  a  gold  leaf 
electroscope.  Immediately  following  the  introduction  of  the 
air  there  was  a  rise  in  the  activity  to  about  eighteen  times  the 
natural  leak  of  the  electroscope.  This  was  due  to  radioactive 
emanations  in  the  underground  air.  The  activity  continued  to 
rise,  at  tirst  rapidly,  an<i  then  more  slowly,  for  about  three 
hours,  as  the  result  of  the  production  of  the  radium  active 
deposit.  The  air  current  was  continued  and  a  very  gradual 
rise  in  the  activity  was  noted  for  about  three  days,  when  it 
reached  a  maximum.  If,  at  this  stage,  the  flow  of  air  was 
suddenly  stopped,  a  sharp  falling  off  of  the  activity  was  noticed 
which  continued  for  five  or  six  minutes  and  then  reached  a 
minimum.  This  part  of  the  activity  fell  to  half  value  in  about 
one  minute  and  was  easily  identified  as  thorium  emanation. 

A  relation  was  found  between  the  amount  of  thorium  ema- 
nation set  free  per  cubic  centimeter  of  the  soil  and  the  corre- 
sponding activity  as  measured  in  the  electroscope.  It  was  thus 
pJossible  to  compare  the  amount  of  thorium  emanation  set  free 
per  cubic  centimeter  of  the  soil  with  that  liberated  by  a  known 
amount  of  thorium. 

The  case  of  the  radium  emanation  is  more  simple ;  since  the 
half  value  period  of  radium  emanation  is  comparatively  long, 
it  suffers  no  appreciable  loss  of  activity  in  the  time  taken  to 
reach  the  electroscope.  It  is  therefore  only  necessary  to  stand- 
ardize the  electroscope  by  introducing  the  radium  emanation 
in  equilibrium  with  a  known  amount  of  radium  and  determin- 
ing the  rate  of  leak  after  the  emanation  has  stood  for  three 
hours. 

Some  additional  experiments  were  made  on  a  number  of 
soils,  sands  and  minerals,  with  a  view  to  comparing  their  ema- 
nating power. 

Apparatus, 

The  electroscope  consisted  of  two  cylindrical  metal  vessels, 
30  centimeters  high  and  13  centimeters  in  diameter,  placed  one 
above  the  other.  The  lower  vessel,  or  ionization  chamber, 
was  provided  with  a  central  electrode  which  extended,  through 
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sealing  wax  insulation  and  guard  ring,  into  the  upper  vessel, 
and  served  to  support  the  gold  leaf.  The  guard  ring  was 
kept  charged  to  — 300  volts.  The  walls  of  both  vessels  were 
grounded,  while  the  gjold  leaf  and  central  electrode  were 
charged  negatively.  I'he  source  of  potential  was  a  battery 
of  small  storage  cells.  The  position  of  the  gold  leaf  was  read 
by  means  of  a  telemicroscope  through  mica  windows  in  the 
case  of  the  upper  vessel.  A  small  tube  near  the  bottom  of 
the  ionization  vessel  admitted  the  current  of  air,  which  was 
drawn  out  through  a  similar  tube  near  the  top. 

To  get  the  underground  air,  several  bricks  were  removed 
from  the  cellar  floor  and  a  deep  hole  dug  in  the  sandy  soil 
beneath.  An  iron  cylinder,  13  centimeters  in  diameter  and 
30  centimeters  high,  with  many  holes  drilled  in  its  top,  bottom 
and  walls,  was  fitted  with  a  brass  tube,  130  centimeters  long 
and  0'4  centimeter  in  diameter,  and,  after  being  wrapped  in  a 
covering  of  cheese  cloth,  was  buried  deep  in  the  hole,  so  that, 
when  the  earth  had  been  tilled  in,  only  two  or  three  centi- 
meters of  the  tube  protruded  vertically  above  the  surface. 
Connection  was  made  with  the  inlet  of  the  ionization  vessel 
by  a  rubber  tube  and  a  glass  bulb  containing  glass  wool,  to  act 
as  a  dust  and  ion  filter.  The  outlet  of  the  ionization  vessel 
was  connected  with  a  filter  pump  through  rubber  and  lead 
tubing.  Suitable  pinchcocks  were  placed  at  the  outlet  and 
inlet  of  the  ionization  vessel. 

Madioactimty  of  the  Underground  Air, 

After  the  normal  air  leak  of  the  electroscope  had  been 
determined,  the  current  of  underground  air  was  started  and 
readings  were  taken  every  ten  or  fifteen  minutes,  over  thirty 
divisions  of  the  scale,  for  an  hour  and  forty-iive  minutes. 
As  will  be  seen  later,  these  readings,  when  plotted,  fitted 
almost  perfectly  the  curve  showing  the  increase  of  the  amount 
of  ionization  due  to  a-particles  from  radium  A  and  C.  The 
current  of  air  was  maintained  for  about  forty-four  hours,  when 
the  active  deposit  of  thorium  was  fifteen-sixteenths  of  its 
equilibrium  value  and  practically  the  maximum  activity  was 
attained.  At  this  point,  the  current  of  air  was  stopped 
exactly  on  the  minute,  and  readings  taken  every  minute  for 
the  next  four  minutes.  This  was  repeated  a  number  of  times. 
As  will  be  shown  later,  these  readings  approximated  closely  to 
the  decay  curve  of  thorium  emanation.  Finally  the  under- 
ground air  connection  was  removed  and  the  emanations  swept 
out  by  drawing  the  air  from  the  room  through  the  electro- 
Kcope.  Headings  were  taken,  at  first  every  few  minutes  and 
then  at  longer  intervals,  which,  when  plotted,  showed  the  dis- 
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integration  of  radium  A  and  C,  and  finally,  of  thorium  B  and 
C.  Figure  1  shows  graphically  the  growth  and  decay  of  the 
activity  due  to  the  presence  of  radium  and  thorium  emanations 
in  the  underground  air.  The  ordinates  are  activity  in  scale 
divisions  per  minute  and  the  abscissas  represent  time ;  for  con- 
venience, the  scale  of  the  abscissas  is  diflerent  in  different 
parts  of  the  curve,  as  indicated. 

From  the  accepted  values  of  \  for  radium  A  and  C,  a  curve 
was  plotted  showing  the  increase  with  time  of  the  ionization 
due  to  the  a-rays  from  radium  A  and  C.  The  number  of  ions 
produced  by  an  a-particle  of  each  kind  was  taken  as  propor- 
tional to  its  range.  The  ordinates  were  percentages  of  the 
total  activity.  Assuming  that  the  curve  passed  through  the 
point  obtained  empirically  at  106  minutes,  it  was  successivelv 
made  to  include  five  or  six  of  the  preceding  points  and  in  each 
case  the  value  of  the  total  activity  due  to  radium  A  and  C 
deduced.  The  mean  of  these  values  was  taken,  and  from  this 
mean  the  value  of  the  ordinate  when  t^=o  was  obtained.  This 
represented  the  combined  activities  of  radium  and  thorium 
emanation. 

The  part  of  the  curve  showing  the  disintegration  of  thorium 
emanation  is  plotted  from  the  accepted  value  of  X  for  that 
substance.  The  observed  values  are  in  good  agreement  with 
those  calculated  ;  readings  had  to  be  taken  at  time  intervals  so 
short  that  certain  irregularities  in  the  motion  of  the  gold  leaf 
became  very  apparent  and  were  an  obvious  source  of  error. 

In  plotting  the  rise  of  the  activity  of  radium  A  and  C,  the 
active  deposit  of  thorium  was  neglected,  because  the  first  dis- 
integration product  of  thorium  emanation  is  rayless.  In  the 
last  part  of  the  curve,  however,  thorium  A,  B  and  C  are  in 
equilibrium  with  the  emanation,  and  in  the  curve  for  the  decay 
of  the  activity  due  to  radium  A  and  C,  their  contribution  to 
the  total  ionization  had  to  be  taken  into  consideration.  The 
initial  values  of  the  activity,  in  scale  divisions  per  minute,  for 
the  active  deposits  of  thorium  and  radium,  were  deduced  as 
follows : 

At  35  minutes  and  95  minutes  after  the  emanations  had  been 
swept  out,  the  total  activity  was  1*65  and  0*90  scale  divisions 
per  minute  respectively.  At  35  minutes  the  radium  A  and  C 
was  46*7  per  cent  of  its  initial  value ;  the  thorium  B  and  C, 
96*4:  per  cent.  At  95  minutes  the  values  were  14-5  per  cent 
and  90*5  per  cent,  respectively.  If  x  be  the  initial  value  of 
the  radium  A  and  C,  and  y  the  initial  value  of  the  thorium  B 
and  C,  we  have:  -467  0?  +  -964^  rr=  1-65  and  -145  07  +  '905 
y  =  0-90  which  give,  a?  ==  0*64  and  y  =  2*22  scale  divisions 
per  minute.  During  the  disintegration  of  radium  A  and  C, 
the  curve  for  thorium  B  and  C  is  practically  a  straight  line  and 
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is  80  drawn  in  the  figure.  The  decay  curve  for  radium  A  and 
C  is  superposed  on  this  straight  line  to  show  the  combined 
activities. 

The  values  in  the  last  part  of  the  curve  correspond  to  a  half- 
value  period  for  thorium  active  deposit  of  about  12  hours, 
which  is  in  sufficiently  good  agreement  with  the  accepted 
value,  namely  10*6  hours. 

Points  surrounded  by  circles  are  observed  points ;  those  with 
double  circles  are  mean  values  of  two  or  more  readings  ;  a 
point  in  a  square  is  one  which  was  extrapolated  from  the 
curve. , 

Standardization  of  the  Thorium  Emanation. 

In  order  to  compare  the  thorium  emanation  in  the  under- 
ground air  with  that  produced  by  a  known  amount  of  thorium, 
it  was  necessary  to  obtain  a  relation  between  the  amount  of 
emanation  produced  per  cubic  centimeter  of  the  earth  or  sand 
and  the  corresponding  rate  of  leak  of  the  electroscope.  The 
calculation  was  simplified  by  substituting  for  the  mercury 
flask  and  connecting  tube  a  brass  tube,  140  centimeters  long 
and  with  an  internal  diameter  of  about  0-4  centimeter.  This 
tube  was  provided  with  a  sharp,  conical  head  of  iron,  3  cen- 
timeters long,  with  a  shank  which  fitted  snugly  in  the  tube  and 
a  shoulder  which  rested  firmly  against  its  end.  The  tube  was 
driven  into  the  earth  with  a  heavy  mallet  until  only  a  cen- 
timeter or  so  remained  above  ground.  It  was  then  withdrawn 
a  short  distance  and  the  conical  head  driven  out  with  a  blow 
from  a  long  iron  rod  passed  into  the  tube.  The  ionization 
chamber  of  the  electroscope  was  then  connected  to  the  brass 
tube  by  a  length  of  rubber  tubing  and  observations  were  made 
as  follows : 

The  filter  pump  was  started  (running  about  3  liters  per 
minute)  and  the  current  of  air  continued  for  several  minutes 
until  the  ionization  vessel  was  filled  with  underground  air. 
The  pump  was  then  shut  off,  and  the  vessel  with  the  under- 
ground air  allowed  to  stand  for  half  an  hour,  when  the  supply 
of  air  was  renewed  by  running  the  pump  for  another  short 
interval.  This  operation  was  repeated  every  half  hour.  At 
the  end  of  about  three  hours  the  radium  A,  B  and  C  had  come 
into  equilibrium  with  the  emanation  and  the  radium  part  of 
the  observed  activity  had  attained  a  constant  value. 

With  the  pump  running,  a  series  of  readings  was  then  made 
which  gave  the  combined  activities  of  radium  emanation, 
radium  A,  B,  C,  and  thorium  emanation.  The  pump  was 
fetopped  and  five  or  six  minutes  allowed  for  the  thorium 
emanation  to  decay.  A  series  of  readings  then  gave  the 
constant  radium  part  of  the  activity  alone.     The  difference 
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between  the  activity  with  the  pomp  running  and  the  activity 
when  the  air  was  at  rest  was  due  to  the  thorium  emanation. 
It  is  easily  seen  that  all  the  thorium  emanation  is  drawn  from 

a  sphere  whose  radius  R  =  y    -^  =  23'6  centimeters,  where 

q  =  cubic  centimeters  per  second  drawn  by  the  pump  (50);  T, 
the  number  of  seconds  required  for  thorium  emanation  to  decay 
practically  completely  (420);  and  F,  the  volume  of  air  per  cubic 
centimeter  of  the  earth  or  sand  ("366).  This  is  the  radius  of  the 
sphere  from  which  all  the  air  is  drawn  in  seven  minutes  and 
any  emanation  originating  beyond  this  sphere  will  entirely 
decay  before  reachmg  the  electroscope.  Since  the  tube  was 
driven  into  the  soil  a  distance  equal  to  about  six  times  the 
radius  of  this  sphere,  no  variation  in  the  concentration  of  tho- 
rium emanation  was  to  be  expected.  The  radium  emanation, 
on  the  other  hand,  with  its  longer  half-value  period,  was  drawn 
from  a  sphere  of  relatively  enormous  size,  but,  in  standardizing 
the  radium,  the  underground  air  current  was  never  running 
for  lengths  of  time  aggregating  to  more  than  twenty  minutes 
and  in  this  time  all  the  air  was  drawn  from  a  sphere  of  only 
about  32  centimeters  radius. 

Let  n  be  the  amount  of  thorium   emanation  in  equilibrium 

n 
per  cubic  centimeter  of  the  earth.     Then       is  the  amount  of 

emanation  per  cubic  centimeter  of  underground  air,  and  this 
will  be  its  concentration  whether  at  rest  or  in  motion,  until  it 
leaves  the  earth  to  enter  the  tube.  If  k^  is  the  total  volume  of 
the  brass  tube  and  all  connections,  up  to  the  ionization  chamber, 

Tc 

—^  is  the  time  taken  to  reach  the  ionization  chamber  and  the 

ifl      __  Tiki 

concentration  will  there  have  the  value  — e      q  ,  where  X  is 

the  decay  constant  for  thorium  emanation.     The  time  taken  to 

Jc 
pass  through  the  ionization  chamber  is  — ^,  where  k^  is  the 

volume  between  the  inlet  and  outlet.  The  activity  measured 
is  proportional  to  the  mean  concentration  of  the  emanation  in 
its  passage  or 
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Hence  the  concentratioD 


(I.) 


N  = 


PAA:. 


where  h,  =  101-5  and  A,  =  2750. 

To  test  the  accuracy  of  the  measurements  involved  in  this 
equation,  a  series  of  readings  was  made  with  the  pump  running 
at  different  speeds ;  i.  e.  for  diflFerent  values  of  a,  fey  taking 
the  mean  of  several  measurements,  the  activity  when  q  =  34*5 
(pump  fully  on)  was  found  to  be  2*06  scale  divisions  per  minute. 
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Ordinates  represent  scale  divisions  per  minute. 

The  corresponding  value  given  by  the  equation  was  1*84  n. 
This  ratio  was  used  to  determine  the  ordinates  of  equation 
I,  which  was  plotted  for  values  of  q  from  zero  to  5  liters  per 
minute.  The  other  observed  values  of  the  activity  correspond- 
in.e:  to  different  values  of  a  were  then  plotted  directly  and  it 
will  be  observed  that  they  fit  the  curve  very  closely.  (Curve  I, 
figure  2.)  Since  1*64  n  gave  a  rate  of  2*06  scale  divisions  per 
minute,  one  scale  division  per  minute  must  indicate  a  mean 
concentration  in  the  electroscope  of  0-80  n  per  cubic  centi- 
meter. 

The  Thorium  Standard. 

In  selecting  a  standard  for  comparison  with  the  amount  of 
thorium  emanation  obtained  with  the  underground  air,  a  num- 
ber of  difiiculties  are  apparent.     No  one  as  yet  has  devised  a 
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method  by  which  either  all  or  a  definite  fraction  of  the 
thorium  emanation  in  equilibrium  with  a  known  amount 
of  a  thorium  salt  may  be  obtained  with  certainty.  It  may 
reasonably  be  assumed,  however,  that  if  the  thorium  salt  could 
be  obtained  in  the  form  of  a  sufficiently  thin  coating  on  the 
surface  of  some  neutral  material,  all  of  the  emanation  pro- 
duced within  it  would  escape.  For  this  reason  the  thorium 
solution  was  thoroughly  mixed  with  a  considerable  quantity  of 
neutral  sea  sand  so  that  each  grain  was  covered  with  a  very 
thin  film  of  radioactive  material. 

Another  point  which  must  be  taken  into  consideration  is  the 
requirement  that  all  the  disintegration  products  of  thorium, 
preceding  the  emanation,  shall  be  present  in  equilibrium 
amounts.  In  the  present  experiment  this  was  accomplished  by 
taking  a  solution  of  a  thorium  mineral  containing  a  known 
proportion  of  thorium. 

The  mineral  chosen  was  thorite,  containing  52  per  cent  of 
ThO,  in  the  form  of  a  silicate.  When  this  mineral  was  dis- 
solved in  hydrochloric  acid,  diluted  and  mixed  with  a  granular 
neutml  material,  a  thin  gelatinous  film  of  free  silicic  acid,  con- 
taining the  ThCl^,  was  formed  on  each  grain,  and  it  was  thought 
that  such  a  film  would  possess  a  very  great  emanating  power, 
an  assumption  which  was  amply  justifaed  by  comparison  with 
thorium  in  other  forms.  By  adopting  as  a  standard  the  most 
emanating  form  of  thorium  which  could  be  found,  it  was 
assured  that  the  results  obtained  for  the  thorium  content  of 
various  materials  were  very  nearly  minima.  The  standard  was 
prepared  by  dissolving  O'l  gram  of  thorite  in  a  little  hydro- 
chloric acid.  It  was  then  diluted  and  intimately  mixed  with  884 
grams  of  white  beach  sand,  which  had  been  previously  tested 
and  found  free  from  any  measurable  radioactivity.  This  mix- 
ture was  thoroughly  dried  and  then  moistened  with  12  cubic 
centimeters  of  water.  The  standard  thus  prepared  was  placed 
in  a  vertical  tin  cylinder,  about  35  centimeters  high,  closed  at 
its  lower  end,  except  for  a  brass  connecting  tube,  and  provided 
with  a  cover  having  a  small  inlet  hole  in  its  center.  About  a 
centimeter  from  the  bottom  was  a  platform  of  wire  gauze  on 
which  was  placed  a  disk  of  cotton.  The  air  was  sucked  in 
at  the  top,  through  the  sand,  out  at  the  bottom  and  thence, 
through  a  rubber  connecting  tube,  to  the  ionization  chamber. 

The  theoretical  considerations  governing  this  case  are  much 
the  same  as  before.  When  the  underground  air  was  drawn 
directly  into  the  brass  tube,  it  retained  its  equilibrium  concen- 
tration up  to  the  instant  of  entering  the  tube.  In  the  case  of  the 
cylinder,  a  horizontal  layer  of  air  enters  the  sand  practically 
devoid  of  thorium  emanation  and  passes  through  it  in  a  time 

k 

— '  ,  where  k,  is  the  volume  of  air  in  the  interstices  of  the 
<1 
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sand.  Each  layer  will  therefore  acquire  a  concentration 
—  (1— «  -^)  before  leaving  the  sand,  where  n  is  the  emana- 
tion per  cubic  centimeter  of  sand  and  F  the  volume  of  air  in 
one  cubic  centimeter  of  sand.  The  terms  relating  to  the  decay 
in  transit  and  the  mean  value  in  the  ionization  chamber  will 
keep  the  same  form.     Hence 

no  ^'ki  ^1  ^k» 

where  k,  =  347,  k,  =  2750,  *.  =  201,  P  =  -366. 

With  the  pump  drawing  3'03  liters  per  minute  the  rate  of 
the  electroscope  was  6*865  divisions  per  minute ;  for  the  same 
value  of  J,  equation  II,  gives  0'0886  n.  This  ratio  was  used 
to  determine  the  ordiuates,  and  equation  II  was  plotted 
(v.  curve  II,  figure  2).  Two  other  observed  values  of  the 
activity,  for  different  values  of  y,  fell  near  enough  this  curve 
to  show  the  correctness  of  the  assumptions. 

Since  6*866  scale  divisions  per  mmute  correspond  to  a  con- 
centration of  0*0886  n,  we  see  at  once  that  one  scale  division 
corresponds  to  a  concentration  of  0*0129  n.  But  n  is  the  ema- 
nation in  equilibrium  with  — — gram  of  ThO,= 9*45x10"* 

gram  ThO,,  and  hence  one  scale  division  per  minute  corre- 
sponds to  a  concentration  equal  to  the  emanation  in  equilibrium 
with  l*22xl0-'gram  of  ThO,  or  1*07X10-  gram  of  pure  tho- 
rium under  the  conditions  specified. 

Other  Materials, 

A  larger  cylinder,  made  from  a  section  of  galvanized  iron 
pipe,  with  a  diameter  of  17*6  centimeters,  a  height  of  71  centi- 
meters, and  a  capacity  of  about  15  liters,  was  provided  with  a 
gauze  screen  and  cotton  pad,  as  before,  and  used  to  test  the 
thorium  content  of  other  materials. 

The  earth  under  the  cellar  floor  consists  of  about  85  per  cent 
disintegrated  red  sandstone,  none  of  which  disintegrated  in 
situ,  but  which  was  carried  b}'  streams  from  a  melting  glacier. 
The  grains  were  worn  and  rounded  in  transit.  The  remaining 
15  per  cent  consists  of  fragments  of  trap  rock  and  various  crys- 
tallme  gneisses  and  schists.  The  sample  designated  "  Sand- 
stone II "  was  taken  from  some  excavations  about  a  mile  from 
the  physical  laboratory.  This  earth  has  the  same  constituents 
as  the  above,  but  disintegrated  where  it  was  found  and  was  not 
carried  by  glacial  streams. 
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A  sample,  called  "  surface  soil,"  was  of  the  same  general 
nature  as  the  earth  under  the  laboratory  floor,  but  contained  a 
considerable  proportion  of  loam.  It  was  a  specimen  of  the  soil 
in  the  rear  of  the  Laboratory,  and  was  removed  from  just  be- 
neath the  surface. 

The  results  of  the  measurements  of  the  diflFerent  specimens 
were  of  the  same  general  character,  although,  as  might  be 
expected,  the  earth  taken  from  near  the  surface  was  less  active 
than  the  material  lying  deeper.  This  is  probably  due  to  the 
leaching  action  of  the  surface  water. 

A  test  on  white  beach-sand  showed  no  activity.  This  was 
significant  and  made  it  seem  probable  that  the  activity  of  soil 
is  due  for  the  most  part  to  tne  material  covering  the  separate 
grains  and  not  to  mineral  constituents  of  the  grains  themselves. 
To  test  this  point  some  cellar  earth  was  heated  with  fairly 
strong  hydrochloric  acid,  filtered  and  washed.  The  sand  thus 
obtained  was  thoroughly  dried  and  placed  in  the  larger  cylin- 
der, which  it  half  filled.  As  will  be  seen  from  the  table,  fully 
half  of  the  activity  was  removed  by  this  process.  This  speci- 
men is  called  **  treated  earth"  in  the  table. 

A  solution  was  prepared  by  dissolving  0*8135  gram  of  thori- 
anite,  containing  78  per  cent  ThO,,  in  a  little  concentrated 
nitric  acid  with  gentle  heating,  evaporating  to  dryness,  dissolv- 
ing and  diluting  to  50  cubic  centimeters  with  distilled  water. 
10  cubic  centimetere  of  this  solution  was  diluted  still  further 
and  mixed  with  884  grams  of  neutral  beach  sand  in  the  same 
manner  as  has  been  described  in  the  case  of  thorite.  As  is 
shown  by  the  results  given  in  the  table,  the  emanating  power 
of  the  thorium  nitrate  thus  prepared  is  noticeably  less  than  that 
of  the  thorium  chloride  contained  in  a  gelatinous  film  of  silicic 
acid. 

Another  experiment  was  made  in  which  a  volume  of  10  cubic 
centimeters  of  the  thorianite  solution  was  freely  diluted  and 
thoroughly  mixed  with  15  liters  of  the  cellar  earth.  The  nor- 
mal activity  of  the  earth  was  subtracted  from  the  reading 
obtained,  and  this  gave  the  activity  due  to  the  thorianite  alone. 
The  table  shows  that  in  this  condition  the  thorium  is  slightly 
more  emanating  than  when  mixed  with  sand,  but  the  difference 
is  not  so  striking  as  in  the  case  of  thorite.  In  the  table  this 
specimen  is  designated  "  enriched  earth." 

Measurements  were  also  made  of  the  amount  of  thorium 
emanation  escaping  from  the  thorium  minerals  monazite  (5  per 
cent  ThO,)  and  thorianite  (78  per  cent  ThOj).  The  monazite 
was  in  the  form  of  fine  sand,  and  the  thorianite  in  the  form  of 
cubical  crystals  about  3  millimeters  on  a  side.  About  500 
grams  of  each  were  placed  in  a  glass  cylinder  and  held  in  place 
by  glass  wool.  Air  was  drawn  through  and  readings  taken  as 
before. 
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In  all  the  foregoing  experiments  the  relation  between  the 
amount  of  thorium  emanation  per  cubic  centimeter  and  the 
activity  as  measured  in  the  electroscope  was  deduced  from 
equation  II  by  substituting  the  proper  values  for  the  constants 
Ar„  A;,,  and  P. 

The  experiment  designated  "surface  diffusion"  was  made 
by  placing  a  rectangular  metal  plate  of  about  2400  square  cen- 
timeters, one  centimeter  above  a  leveled  surface  of  cellar  earth 
and  drawing  air,  into  the  electroscope,  through  a  tube  soldered 
in  the  middle  of  the  plate.  In  this  way  the  air  was  made  to 
pass  slowly  over  the  surface  of  the  soil,  which  was  quite  moist. 
An  experiment  was  also  made  with  rather  large  fragments  of 
broken  red  sandstone.  The  fifteen-liter  cylinder  was  filled  with 
this  material  and  air  drawn  through  it  as  before.  It  is  obvious 
that  equation  II  does  not  apply  in  either  of  these  cases. 

The  third  column  gives  the  amounts  of  the  thorium  in  one 
cubic  centimeter  of  sand,  under  the  specified  conditions,  which 
will  liberate  the  same  amount  of  emanation  as  one  cubic  centi- 
meter of  the  material  considered.  The  fourth  column  gives 
the  amount  of  thorium  present  in  one  cubic  centimeter  of  the 
material,  in  those  cases  where  this  was  known. 


Activity  in 

Thorium  equiv- 

Am't of  Thori- 

Material 

scale  divisions 

alent  in  grams 

um  actually 

tested 

per  minute 

per  c.  c. 

present  per  c.c. 

Cellar  Earth 

2-06 

1-35  XlO"' 

Surface  Soil 

1-13 

1 -08X10-* 

Sandstone  II 

1-41 

1-35X10-* 

Sea  Sand 

0-00 

O'OOy  10-* 

Surface  Diffusion  . 

0-20 

Broken  Sandstone. 

0-55 

Thorianite  Sand  ... 

...      12-32 

1-60X10-* 

2-04  X  10-* 

Monazite 

...        6-86 

2-04X10-^ 

1240X10-" 

Thorianite 

...      95-2 

3-58X10-^ 

30400X10-" 

8  Li ters  0  f  treated  earth       0*50 

8  Liters  of  cellar  earth .       101 

Enriched  earth 

648 

5-15X10-* 

7-00X10-* 

It  will  be  seen  from  the  table  that  the  thorium  in  the  sand 
treated  with  thorianite  solution  is  about  four  hundred  and 
twenty  times  as  emanating  as  the  thorium  in  monazite,  and 
about  six  thousand,  one  hundred  times  as  emanating  as  the 
thorium  in  thorianite. 

The  Radium  Standard. 

The  radium  emanation  obtained  on  dissolving  0*0907  gram 
of  North  Carolina  uraninite  (containing  76  per  cent  of  uranium) 
was  introduced  in  the  electroscope.     After  standing  for  about 
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three  hours,  the  rate  of  leak  of  the  electroscope  was  110  divi- 
sions per  minute.  Taking  3*4  X 10""^  gram  as  the  amount  of 
radium  in  equilibrium  with  one  gram  of  uranium,  the  amount 
of  radium  in  the  sample  was  2*34: x  10"®  gram.  Approximately 
14  per  cent  of  the  radium  emanation  escapes  from  the. specimen 
of  (powdered)  uraninite  taken  as  a  standard,*  and  therefore  the 
emanation  introduced  into  the  electroscope  was  in  equilibrium 
with  only  86  per  cent  of  2-34XlO-*gram,  or  2-0x10-"  gram  of 
radium.  One  scale  division  per  minute  therefore  corresponded 
to  the  ionization  produced  by  the  emanation,  radium  A,  B, 
and  C,  in  equilibrium  with  l'82xl0-"  gram  of  radium. 

The  mean  of  several  measurements  of  the  activity  of  the 
radium  emanation,  in  equilibrium  with  radium  A,  B,  and  C, 
contained  in  the  underground  air  was  five  scale  divisions  per 
minute.  The  total  amount  of  radium  emanation  present  in  the 
volume  of  underground  air  necessary  to  fill  the  electroscope 
was  therefore  equal  to  that  in  equilibrium  with  5xl'82xl0-" 
or  9*1x10-'"  gram  of  radium.  The  volume  of  the  ionization 
chamber  of  the  electroscope  was  3,800  cubic  centimeters  and 
therefore  each  cubic  centimeter  of  underground  air  contained 
radium  emanation  eauivalent  to  that  in  equilibrium  with 
2*4X10"*' gram  of  radium.  The  porosity  of  the  earth  was 
36*6  per  cent,  that  is  to  say  each  cubic  centimeter  of  earth  con- 
tained 0-366  cubic  centimeter  of  air.  Therefore  the  amount 
of  radium  emanation  produced  by  one  cubic  centimeter  of  earth 
was  equal  to  2*4x10-*"  times  0*366  or  8*9x10-"  gram  of  pure 
radium. 

Discussion  of  Results, 

The  results  of  experiments  conducted  by  a  number  of  inde- 
pendent investigators  have  clearly  demonstrated  that  the  radio- 
.active  properties  of  the  normal  atmosphere  near  the  surface  of 
the  earth  are  due  to  the  presence  of  very  small  amounts  of  the 
emanations  of  radium  and  thorium  and  the  disintegration  pro- 
ducts of  these  substances.  It  is  necessary  to  assume  that  these 
emanations  are  formed  by  thorium  and  radium  compounds  pres- 
ent in  the  solid  material  constituting  the  surface  of  the  globe. 
The  radium  emanation  because  of  its  relatively  slow  rate  of  dis- 
integration might  be  expected  to  reach  the  surface  by  diffusion 
from  considerable  depths  and  to  escape  from  the  interior  of 
masses  of  rock  having  a  slight  porosity.  In  contrast  to  this, 
however,  the  thorium  emanation  disintegrates  so  rapidly  that 
the  process  of  diffusion  alone  is  insufficient  to  bring  any  appre- 
ciable quantities  of  this  to  the  surface,  except  from  the  upper- 
most layers  of  a  light  and  porous  earthy  covering.  It  is  in  the 
•  Boltwood,  this  Journal,  xxv,  281,  1908. 
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free  surface  of  such  a  covering  that  by  far  the  greater  pro- 
portion of  the  thorium  emanation  which  ultimately  enters  the 
atmosphere  must  originate,  and  its  dissemination  through  the 
lower  strata  of  the  air  must  be  greatly  facilitated  by  winds 
and  other  air  currents. 

It  is,  moreover,  evident  that  the  actual  quantities  of  either 
emanation  which  can  obtain  access  to  the  free  atmosphere 
under  the  most  favorable  conditions  of  exposure,  etc.,  will  be 
much  less  dependent  on  the  actual  amounts  of  thorium  and 
radium  present  in  the  surface  materials  than  on  the  physical 
and  chemical  conditions  in  which  these  elements  exist  and 
which  determine  their  emanating  properties.  If  the  thorium 
and  radium  are  in  the  form  of  compounds  which  permit  the 
escape  of  a  large  proportion  of  the  emanation  formed  within 
them,  their  contribution  to  the  local  atmospheric  radioactivity 
will  be  much  more  pronounced  than  that  of  much  larger  quan- 
tities of  the  parent  radioactive  elements  existing  in  a  non- 
emanating  form. 

Sand  and  earth  consist  essentially  of  disintegrated  rock 
which  has  undergone  more  or  less  chemical  decomposition. 
For  facilitating  the  escape  of  the  emanations  the  advantage 
derived  from  the  mechanical  subdivision  alone  is  apparent. 
The  decrease  in  the  thorium  emanating  power  of  a  specimen  of 
earth  treated  with  dilute  hydrochloric  acid,  which  was  observed 
in  the  course  of  the  experiments  described  in  this  paper,  also 
justifies  the  assumption  that  a  considerable  proportion  of  the 
thorium  emanation  which  escapes  originates  in  the  superficial 
coating  covering  the  separate  grains  of  the  specimen  of  sand 
examined.  It  is,  therefore,  highly  probable  tnat  the  thorium  . 
in  this  surface  coating  exists  in  a  chemical  form  which  readily 
permits  the  escape  oi  emanation. 

Since  by  far  the  greater  proportion  of  the  land  areas  of  the 
globe  are  covered  with  soil  of  some  description,  it  is  apparent 
tnat  the  part  played  by  this  in  contributing  to  the  radioactive 
constituents  of  the  atmosphere  must  be  much  greater  and 
much  more  important  than  the  part  played  by  the  rocks  which 
underlie  it.  It  is,  therefore,  to  be  expected  that  an  examina- 
tion of  the  radioactive  properties  of  the  soil  and  the  under- 
ground air  in  different  localities  will  afford  valuable  data  for 
explaining  the  differences  in  the  radioactivity  of  the  atmos- 
phere already  observed  in  certain  instances. 

As  the  average  of  results  of  measurements  conducted  during 
a  period  of  a  year  at  Montreal,  Eve*  found  the  amount  of 
radium  emanation  present  per  cubic  centimeter  of  atmospheric 
air  to  be  equivalent  to  that  in  equilibrium  with  6x10""  gram 

♦Phil.  Mag.,  xvi,  622,  1908. 
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of  radium.  This  is  one  four-thousandth  the  amount  found  for 
underground  air  here  at  New  Haven.  The  average  of  Joly's 
vahies*  for  the  thorium  content  of  many  common  rocks  is 
approximately  ten  times  the  value  found  from  the  emanating 
power  for  the  thorium  content  of  the  earth  at  New  Haven, 
while  his  value  for  the  radium  content  is  about  one  hundred 
times  that  found  for  New  Haven  earth  by  the  method  employed 
in  this  paper. 

Summary, 

A  determination  has  been  made  of  the  amount  of  radium 
emanation  in  the  underground  air  in  the  neighborhood  of  the 
Sloane  Physical  Laboratory.  It  was  found  that  one  cubic  cen- 
timeter of  underground  air  contains  radium  emanation  equal 
to  the  amount  in  equilibrium  with  2'4xl0~"  gram  of  radium. 
This  is  equivalent  to  the  production,  per  cubic  centimeter  of 
earth,  of  radium  emanation  in  equilibrium  with  S'OxlO""  gram 
of  radium. 

A  method  has  been  devised  by  which  the  amount  of  thorium 
emanation  present  in  underground  air  can  be  directly  measured 
in  an  electroscope  and  compared  with  the  emanation  evolved 
by  a  known  weight  of  thorium  salt.  In  this  manner  it  was 
found  that  the  earth  in  the  neighborhood  of  the  Laboratory 
emits  per  cubic  centimeter  thorium  emanation  equivalent  to 
that  produced  by  1*35X10""  gram  of  thorium  under  the  stand- 
ard conditions. 

The  important  bearing  of  the  emanating  power  of  the  soil 
on  the  radioactive  properties  of  the  atmospheric  air  in  different 
localities  has  been  pointed  out,  and  a  method  has  been  sug- 
gested by  which  the  emanating  power  of  the  soil  and  the 
radioactive  character  of  the  underground  air  can  be  determined 
in  any  given  locality. 

In  conclusion,  I  wish  to  acknowledge  my  very  great  indebted- 
ness to  Professor  B.  B.  Boltwood,  and  express  my  thanks  for 
his  assistance  and  advice. 

Sloane  Physical  Laboratory,  May,  1911. 

*  Phil.  Mag.,  xviii,  140,  1909. 
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Art.  ""XX. — On  the  Mineralization  of  the  Goldiearing 
Lode  of  Pa^agem^  Minors  Geraes^  Brazil;  by  Obville  A. 
Derby. 

In  an  article  published  in  the  Zeitachrift  fur  praktische 
Geologie  for  Oct.,  1898,  on  the  gold-bearing  lode  of  the  Passa- 
gem  mine  near  Ouro  Preto,  State  of  Minas  Geraes,  Brazil,  Dr. 
Eugene  Hnssak  concluded  from  a  detailed  mineralogical  and 
petrographical  study  of  the  contents  of  tlie  lode  and  of  the 
immediately  adjacent  portions  of  the  country  rock,  that  it  is  of 
eruptive  origin  representing  the  ultra-acid  phase  of  a  pegma- 
titic  apophysis  from  a  neighboring  mass  of  granite.  Since  the 
lode  is,  in  all  essential  respects,  a  typical  quartz-pyrite  one, 
this  conclusion  has  attracted  considerable  attention  on  account 
of  its  bearing  on  the  general  question  of  the  genesis  of  ore- 
bearing  bodies  of  this  character. 

With  regard  to  the  metalliferous  portion  of  the  lode  (the  ore 
proper,  consisting  of  a  mixture  in  varying  proportions  of 
arsenical,  magnetic  and  common  pyrites  with  traces  of  various 
other  sulphides,  associated  with  a  large  amount  of  tourmaline) 
Hnssak  expressed  somewhat  reservedly  the  opinion  that  it 
should  be  classed  among  the  primary  constituents  of  the 
lode.  This  opinion  was  based  on  the  constant  and  character- 
istic association  of  the  metallic  sulphides  with  the  tourmaline, 
which  was  regarded  as  a  contact  mineral  and  thus  practically 
contemporaneous  with  the  intrusion  of  the  granitic  apophysis. 
A  fine  suite  of  specimens  recently  presented  to  the  Geological 
Service  of  Brazil  by  Mr.  Arthur  tl.  Bensusan,  the  able  super- 
intendent of  the  mine  who  is  always  on  the  alert  for  new 
developments  that  promise  to  be  of  scientific  interest,  sug- 
gested the  hypothesis  that  the  lode  might  possibly  have  become 
mineralized  by  an  introduction  of  siuphides  and  tourmaline 
subsequent  to  its  formation ;  and  to  gather  additional  evidence 
on  this  important  point,  an  examination  in  situ  of  a  recently 
opened  section  of  the  mine  that  revealed  certain  features  not 
hitherto  observed,  was  made  by  Mr.  Jorge  Ferraz  of  the  staff 
of  the  Geological  Service. 

A  drift  now  being  driven  through  sterile  quartz  in  search  of 
an  ore  shoot,  begins  to  show  on  one  of  the  walls  and  in  the 
heading  a  beginning  of  mineralization  in  the  form  of  small 
patches  and  streaks  of  massive  tourmalinized  quartz  accompa- 
nied by  a  small  amount  of  arsenopyrite,  and  at  the  same  time  a 
porphyritic  appearance  due  to  isolated  polyhedral  inclusions 
of  a  greenish  mineral  sharply  defined  in  a  white  or  black 
groundmass  according  as  they  occur  in  the  sterile  or  in  the 
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mineralized  portion  of  the  lode.  The  occurrence  (see  fig.  2), 
in  the  broken-down  material,  of  pieces  of  stratified  quartzite 
shows  that  the  wall  of  the  drift  must  be  in  close  proximity  to 
the  contact  of  the  lode  with  the  country  rock,  although  the 
plane  of  contact  is  not  yet  clearly  exposed  in  the  working. 
This  circumstance  suggests  that  the  inclusions  may  possibly 
represent  a  contact  mineral  developed  locally  in  the  marginal 
zone  of  the  lode,  rather  than  an  original  constituent,  but  for 
the  purpose  of  the  present  study  this  question  is  immaterial. 

The  accompanying  figures  present,  about  half  natural  size, 
four  of  the  most  significant  slabs  of  the  lode  rock  that  came  to 

Fig.  1. 


hand.  No  1  is  a  mass  of  typical  glassy  vein  quartz  studded 
with  inclusions  which  in  part  show  sharp  cut  crystalline  out- 
lines, while  tig.  2  shows  a  corresponding  part  in  the  central 
zone  (B),  flanked  on  one  side  by  a  zone  (A)  of  country  rock 
and  on  the  other  by  a  zone  (C)  of  highly  tourmalinized  quartz 
with  a  certain  admixture  of  pyrites. 

The  inclusions  consist  of  sericitic  mica,  in  placet  quite 
coareely  crystalline,  in  milky  white  flakes  (as  in  the  central  and 
left  portions  of  the  one  at  the  middle  of  the  lower  border  of 
fig.  1),  but  for  the  part  in  cryptocrystalline  masses  of  a  light 
greenish  color.  In  places  the  characteristic  luster  and  cleav- 
age of  an  original  feldspathic  mineral  are  preserved,  but  for 
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the  most  part  even  in  these  eases  the  microscope  reveals  only 
a  micaceous  aggregate  which  treatment  with  the  acid  shows  to 
be  heavily  charged  with  calcite.  A  single  inclusion  only  (3  in 
fig.  2)  amongst  the  score  or  more  examined  retains  the  feldspar 
substance  in  a  sufficiently  fresh  condition  to  permit  of  a  satis- 
factory microscopic  and  chemical  examination.  The  micro- 
scopic sections  show  in  great  perfection  the  characteristic 
twinning  bands  of  a  plagioclase  feldspar  with  an  extinction 
angle  indicative  of  a  nearly  normal  oligoclase,  and  an  approxi- 
mate analysis  confirms  this  reference,  as  does  also  the  external 

Fig.  2. 


form,  since  with  careful  work  many  of  these  inclusions  can  be 
completely  detached  from  the  matrix  in  ideally  sharp-cut  crys- 
tals. 

These  inclusions  are,  therefore,  original  feldspars  that  have 
become  sericiticized  by  some  agency  that  has  reached  them 
through  an  apparently  impervious  involucre  of  dense  vein 
quartz.  In  their  immediate  vicinity  the  quartz  shows  fissures 
large  and  small,  filled  with  tourmaline  and  pyrites  which  have 
evidently  been  introduced  by  solutions,  or  gases,  carrying  boron, 
sulphur  and  arsenic  along  with  iron  and,  rarely,  gold,  silver, 
copper,  bismuth,  lead  and  probably  tellurium.  A  relation 
between  the  two  phenomena  of  the  sericitization  of  the  feld- 
spar and  the  mineralization  of  the  lode,  with  boron  and 
sulphur  compounds,  is  at  once  suggested  and  fortunately  defi- 
nite evidence  on  this  point  is  at  hand. 


Digitized  by  LjOOQIC 


188        O,  A,  Derby — GoM-hmring  Lode  of  Paaaagem. 

The  almost  absolutely  fresh  feldspar  crystal  (3)  in  fig.  2 
lying  in  the  quartz  band  B  is,  on  the  face  photographed,  com- 
pletely surrounded  with  quartz  free  from  tourmaline  and 
pyrite,  in  a  zone  of  the  width  of  two  centimeters  or  more, 
while  at  the  back  of  the  block  scattered  crystals  of  these  min- 
erals can  be  traced  up  to  its  margin,  and  here  a  portion  of  the 
crystal  shows  incipient  sericitization.  Its  neighbor  2  is  still 
comparatively  fresh,  while  1,  which  abuts  directly  on  a  strongly 
mineralized  part  of  zone  C,  is  so  completely  altered  that  all 
traces  of  the  original  cleavages  have  been  obliterated.  In 
many   cases   it   is  clear  that  the  mineralizing  agent  has  only 

Fig.  3. 


reached  one  face  of  the  feldspar  crystal  and  that  this  contact 
has  been  sufficient  to  effect  the  alteration  of  the  latter.  This 
is  well  shown  in  fig.  1  in  the  case  of  the  two  grouped  crystals 
at  the  middle  of  the  upper  margin  in  which  narrow  bands 
of  pyrites  (distinctly  seen  in  photograph)  are  interposed 
between  the  two  feldspar  individuals  and  between  the  left- 
hand  one  and  the  qnartz,  while  at  the  right  the  contact 
between  the  quartz  and  the  inclusion  is  perfect.  All  the  other 
inclusions  on  this  slab  show  the  same  phenomena  of  a  narrow, 
almost  linear,  mineralized  strip  (with  pyrite  predominant  over 
tourmaline)  along  one  face  and  a  sharp  cut  contact  with  the 
quartz  on  the  others.  Evidently  the  mineralizing  agent 
entered  through  small  fissures  which,  on  meeting  a  feldspar 
crystal,  passed  along  one  of  its  faces,  which,  in  the  case  of  all 
those  shown  in  fig.  1,  was  alw^ays  on  the  same  (left)  side. 
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The  specimen  represented  in  ii^.  3  exhibits  some  other  phases 
of  the  mineralization  process.  The  fissures  of  the  fractured 
(jnartz-feldspar  rock  are  here  of  considerable  width  and  the 
tiling  is  exclusively  of  tourmaline  with  only  here  and  there  a 
small  isolated  crystal  of  pyrite,  of  which  not  more  than  a 
dozen  can  be  counted  on  the  considerable  surface  here  shown. 
The  feldspar  is  completely  sericitized  and  it  is  thus  clear  that 
this  effect  was  produced  by  the  agent  that  introduced  the 
tourmaline  rather  than  the  one  that  brought  in  the  metallic 
sulphides.  It  is  also  evident  that  two  distinct  agents  were 
involved  and  that,  in  places  at  least,  these  acted  quite  independ- 
ently one  from  the  other.     In  the  lower  part  of  this  specimen 

Fig.  4. 


the  tourmaline  has  a  small  admixture  of  granular  quartz  giv- 
ing a  friable  tourmalinfds  with  a  slight  development  of  a 
schistose  structure.  Elsewhere  on  this  and  the  other  speci- 
mens figured,  the  vein  quartz  is  impregnated  with  tourmaline, 
giving,  as  Hussak  has  already  remarked,  a  massive  rock  resem- 
bling the  luxullianite  of  Cornwall. 

The  block  of  ore  represented  in  fig.  4  shows  a  mass  of  dis- 
tinctly schistose  tourmalinfeU  charged  with  arsenopyrite  (white 
in  the  figure)  which  clearly  fills  fractures  along  planes  of 
schistosity,  and  across  the  intervening  plates  of  rock.  This 
ease  completes  the  evidence,  suggested  by  figs.  2  and  3,  of  the 
independence  of  the  tourmalinization  and  the  sulphuritization 
of  the  original  vein  rock,  and  shows  that  the  former  process 
preceded  the  latter.  Other  specimens  showing  larger  fissures 
filled  with  a  somewhat  spongy  mass  of  a  granular  arsenopyrite 
have  scattered  needles  of  tourmaline  with  every  appearance  of 
having   been    formed   in  siiu^   so  that  it  is  tolerably  certain 


Digitized  by  LjOOQIC 


190       0,  A.  Derby — Gold-learing  Lode  of  Passagem, 

that  the  sulphide  invasion  took  place  before  the  complete 
cessation  of  the  formation  of  tourmaline. 

A  partial  analysis  of  one  of  the  sericitic  masses,  made  with 
the  view  of  determining  the  constituents  that  cannot  be 
referred  to  the  original  leldspar  crystal,  gave  4*14^  of  com- 
bined water,  ^'1%  of  carbonic  acid  (combined  with  lime  as 
calcite)  and  distinct  traces  of  fluorine,  and  it  is  thus  evident 
that  these  elements  played  a  part  in  the  tourmalinization  of 
the  original  pegmatitic  vein  and  in  the  alteration  of  its  felds- 
pathic  contents. 

The  Passagem  lode  thus  presents  evidence  of  three  distinct 
processes  of  tilling,  and  the  succession  of  events  in  its  forma- 
tion may  be  summarized  as  follows: 

First — An  extensive  fissure  opened  by  stress  along  (above, 
below  and  across)  a  bed  of  brittle  rock  (quartzite)  enclosed 
between  more  tenacious  schists,  was  closed  by  an  invasion  of 
pegmatite  running  off  into  clear  quartz.  At  this  stage  the 
lode  contained  only  the  minerals  characteristic  of  a  granite 
magma  such  as  is  represented  in  the  neighborhood  by  a  boss 
of  granite;  or,  possibly,  some  others  tliat  may  have  been 
formed  near  the  contact  through  reactions  with  the  country 
rock. 

Second — A  subsequent  stress,  acting  in  substantially  the 
same  place  and  manner  as  the  firet,  fractured  this  pegmatitic 
quartz,  rendering  it  accessible  to  a  pneumatolitic  action  charac- 
terized by  silica,  boron,  water  vapor,  carbonic  acid  and  fluorine 
('* after  effect"  of  the  granitic  eruption  ?\  which  filled  its  fis- 
sures with  tourmaline,  sericiticized  the  feldspar  of  the  pegma- 
tite wherever  fissures,  often  quite  minute,  permitted  access  to 
it,  and  probably  produced  the  characteristic  contact  phenom- 
ena noted  by  Hnssak. 

Third — A  third  stress,  coming  near  the  end  of  the  second 
phase  of  the  lode,  fractured  the  tourmaline  filling  and  gave 
access  to  a  pneumatolitic  action  characterized  by  sulphur, 
arsenic,  metallic  oxides  and  metals  (gold  and  silver),  which 
filled  the  fissures  of  the  lode,  invading  to  some  extent  its  pre- 
existing portions,  and  probably  also  some  of  th3  adjacent  and 
enclosed  country  rock. 

Servigo  Geologico  e  Mineralogico  do  Brasil, 
Rio  de  Janeiro,  May  8,  1911. 
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Akt.  XXI. — A  Notable  Brazilian  Diamond ;  by  Oeville 

A.  Derby. 

A  DIAMOND  of  large  size  and  of  certain  interesting  peculiar- 
ities of  form  and  surface  recently  appeared  in  Rio  de  Janeiro 
from  the  river  Bagagem  district,  in  the  southwestern  part  of 
the  state  of  Minas  Geraes,  in  the  headwater  region  of  the  river 
Parand.  This  district,  in  which  diamonds  were  first  discovered 
about  the  middle  of  the  last  century,  became  famous  in  1853 
through  the  finding  of  a  stone  that  took  the  name  of  Star  of 
the  Soutli  and  which  is  until  to-day  the  largest  well  authen- 
ticated diamond  known  from  Brazil.  Its  weight  in  the  rough 
is  given  as  62'276  grams,  or  254^  Paris  carats  (=265  inter- 
national carats).  It  was  found  in  or  near  the  river  Bagagem,  a 
few  kilometers  below  the  town  of  the  same  name,  and  a  few 
months  later  and  in  about  the  same  place  a  second  large  stone, 
known  as  the  Dresden  diamond,  was  found  which  weighed  in 
the  rough  119'5  carats  or  24*1172  grams.  The  present 
stone,  to  which  the  name  of  Estrella  de  Minas  (Star  of  Minas) 
has  been  given  and  which  weighs  35*8754  grams  (175  inter- 
national carats  of  205  milligrams),  is  reported  to  have  come  from 
or  near  the  same  spot.* 

The  shape  and  size  of  the  present  stone  could  be  very  ap- 
proximately represented  by  quartering  an  elliptical  rubber  ball 
representing  a  medium-sized  hen's  egg,  and  then    distorting 

*  The  Tipper  Parang  diamond  field  and  the  neighboring  one  of  the  river 
Abaete  on  the  opposite  side  of  the  Paran^-Sfto  Francisco  watershed  are  the 
only  ones  in  Brazil  that  have  afforded  diamonds  of  over  100  carats  weight. 
In  the  older  Diamantlna  field,  which  has  been  worked  continnously  since 
1728,  a  stone  of  an  oitava  (an  eighth  of  an  onnce,  the  most  frequently  used 
Portuguese  unit  for  precious  metals  and  stones)  was  considered  such  a  rarity 
that  in  the  days  of  slave  labor  liberty  was  given  to  the  finder.  Apparently 
only  some  scores,  or  at  most  a  few  hundreds,  of  such  stones  were  found  in 
this  field,  and  those  of  a  weight  of  50  to  100  carats  can  be  counted  on  the 
fingers.  The  same  is  the  case  in  the  productive  Bahia  field,  in  which,  how- 
ever, black  diamonds  or  Carbonados  of  hundreds  and  even  thousands  of 
carats  (the  largest  known  weighed  8148  carats  or  about  120  carats  more  than 
the  famous  Cullinan  diamond)  appear.  According  to  information  that  is 
considered  reliable,  the  largest  diamond  ever  found  in  Brazil  was  destroyed 
in  1906  by  the  stupid  sledge  and  anvil  test  for  hardness.  It  was  found  in 
the  river  Verissimo  district  in  southern  Goyaz  adjacent  to  the  Bagagem 
district  and  is  reported  to  have  been  of  about  the  size  and  shape  of  an 
ordinary  matchbox,  that  is  to  say  a  parallelopipidon  of  60x36x16  milli- 
meters. On  this  basis  its  weight  was  calculated  as  over  600  carats,  or 
roughly  between  two  and  three  times  that  of  the  Star  of  the  South.  A 
parcel  of  powder  and  fragments  which  one  of  the  interested  parties  had 
saved  as  his  share  was  shown  me  by  a  local  lapidary  who  had  taken  pains  to 
gather  reliable  information  regarding  the  matter.  The  parcel  when  pur- 
chased by  him  contained  something  over  100  carats  and  from  the  largest 
fragment  he  cut  a  stone  of  8  carats. 
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oue  of  the  pieces  in  such  a  way  as  to  produce  an  obtuse  ridge 
extending  diagonally  across  the  curved  face  from  end  to  end, 
but  without  distorting,  except  in  shape,  the  two  plane  faces. 
The  accompanying  figures,  all  of  natural  size,  represent  very 
accurately,  in  Nos.  1  and  2,  the  two  plane  faces ;  but,  owing  to 
light  effects,  the  curved  faces  shown  in  Nos.  3  and  4  present 
an  appearance  of  being  made  up  of  subordinate  faces  (sugges- 

Fio.  1.  Fig.  2. 


Fig.  3.  Fig.  4. 


tive  of  distorted  dodecahedral  crystallographic  planes)  that  do 
not  appear  on  the  stone  itself. 

Greatest  leng:th 38"™ 

"         width 22"™ 

"         height 23"™ 

As  is  well  shown  in  these  figures,  all  the  faces,  both  plane 
and  curved,  are  covered  by  sharp-cut  lines  and  depressions 
similar  to  those  produced  by  etching,  though  in  this  case  it 
seems  much  more  probable  that  they  are  features  of  crystal- 
line growth.  The  large  semi-circular  depression  in  the  middle 
of  the  base  line  of  fig.  1  is,  however,  an  artificial  fracture  due 
to  a  blow  that  raised  a  thin  scale  along  a  plane  of  octahedral 
cleavage   characteristic   of   the   mineral.     The  small  cleavage 
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face  thus  produced  is  parallel  to  the  main  face  and  to  several 
subordinate  platform-like  faces  that  rise  above  its  general  sur- 
face. The  face  shown  in  fig.  2  also  shows,  with  still  greater 
distinctness,  several  parallel  platforms  as  well  as  a  sharply 
defined  pit  with  coarsely  ridged  walls,  suggestive  of  an  external 
mould  of  the  point  of  an  octahedral  diamond  crystal  of  the  size 
of  about  a  carat. 

According  to  the  description  and  figures  given  by  Dufrenoy* 
the  Star  of  the  South  was  in  the  rough  a  semi-ellipse  and 
thus  strikingly  similar  in  general  form  to  the  present  stone. f 
It  is  also  on  record  that  the  original  form  of  the  Dresden  stone 
was  such  that  it  suggested  the  liypothesis  that  it  and  the  Star 
of  the  South  were  cleavage  fragments  of  an  original  elliptical 
(distorted  dodecahedral)  unit.  It  is  thus  highly  probable  that 
the  three  stones,  representing  a  limited  area  of  diamond-bear- 
ing ground,  were  characterized  by  a  quite  similar  original 
shape,  that  is  to  say,  a  vaguely  defined  combination  of  curved 
faces  constituting  a  dome  rising  from  a  plane  face.  In  the 
case  of  the  stone  here  noted  a  considerable  portion  of  the 
ideal  dome  is  cut  away  by  a  second  plane  face,  and  judging 
from  No.  2  of  Dufrenoy's  figures,  this  was  also  the  case  with 
the  Star  of  the  South.  Without  entering  into  crystallographic 
considerations,  a  comparison  may  be  suggested  with  fig.  7,  pi.  1, 
of  Kose  and  Sadebeck's  memoir  on  die  crystallization  of  the 
diamond,:}:  which  represents  a  dome-shaped  diamond  with 
a  flat  base  which  is  interpreted  as  a  case  of  hemimorphism. 

An  interesting  question,  which  must,  however,  be  left  to 
crystallographers,  arises  as  to  the  significance  to  be  given  to  the 
plane  faces  and  to  the  surface  markings  of  this  diamond.  The 
first  and  most  natural  impression  is  that  the  plane  faces  are 
cleavage  planes,  and  tlie  fact  that  a  small  artificial  fracture 
shows  that  one  of  them  is  strictly  parallel  to  an  octahedral 
cleavage  seems  to  confirm  this  view.  In  this  case,  however, 
they  represent  a  superinduced  feature,  and  the  superficial 
markings  on  them  must  also  be  posterior  to  the  formation  of 
the  crystal  and  thus  can  only  be  attributed  to  etching;  a 
process  which  is  difficultly  conceivable  in  the  case  of  the 
diamond.  If,  on  the  other  hand,  the  markings  are  an  original 
(growth)  feature,  the  plane  faces  must  also  be  original,  since 
the  markings  on  them  must  have  been  produced  at  the  same 
time  as  on  the  curved  faces.     In  the  Star  of  the  South,  which 

*  Traite  de  mineraloj?ie,  2d  ed.,  vol.  2,  p.  95,  pi.  225,  figs.  1,  2  et  3. 

t  It  is  to  be  strongly  suspected  that  the  sharply  defined  dodecahedral 
faces  shown  in  Dufrenoy's  figures  1  and  2  are  the  crystallographer's  inter- 
pretation of  such  obscure  indications  of  crystalline  faces  as  are  seen  on  our 
figures  2  and  3,  and  thus  mighl.  receive  a  materially  different  interpretation 
from  another  observer. 

X  Abh.  d.  K.  Akad.  d.  Wissensch.  in  Berlin  1876. 
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according  to  his  description  had  everywhere  a  chagrine  sur- 
face, Dufrenoy  thought  that  evidence  of  adhesion  to  a  matrix 
was  to  be  found  on  a  part  of  the  flat  face,  but  in  view  of  the 
present  stone  this  explanation  is  evidently  inapplicable. 
Equally  inapplicable  seems  to  be  the  explanation  of  such 
features  as  tne  pit  shown  in  iig.  2  (three  such  are  reported  on 
the  Star  of  the  South)  as  due  to  the  imprint  of  smaller 
diamonds  which  have  fallen  away.  It  is  for  crystallographers 
to  say  if  the  hypothesis  of  hemiinorphism  above  suggested  is 
admissible  or  not  to  such  dome-shaped  diamonds  as  are  here 
discussed  and  perhaps  also  to  the  great  Jagersfontein  and  Cul- 
linan  stones  as  well. 

Servigo  Oeologico  e  Mineralogico  de  BrasU, 
Rio  de  Janeiro,  May  20,  1911. 
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Akt.  XXII. — Associatimi  of  Jiutile  and  Cyanite  from  a 
New  Locality;*  by  Thomas  L.  Watson  and  J^oel  H. 
Watkins. 

Introduction, 

The  occurrence  of  rutile  in  association  with  cyanite  is  known 
from  a  number  of  localities  in  this  and  foreign  conntrieSjf  but 
the  literature  contains  scarcely  more  than  the  mere  statement 
that  the  two  minerals  are  observed  in  association.  The  known 
localities  in  the  United  States  in  which  rutile  and  cyanite 
occur  together  are  Graves  Mountain,  Lincoln  County,  Georgia, 
and  Crowder  and  Clubb  mountains,  Gaston  County,  North 
Carolina.  The  European  localities  include  Horrsjoberg  and 
Dicksberg,  Sweden,  and  near  Petschau,  Bohemia.  In  Brazil, 
Derby  %  has  described  a  cyanite  schist  occurring  at  Serro  do 
Gigante  composed  mainly  of  cyanite,  chlorite,  sericite,  quartz, 
and  rutile,  with  an  analysis  by  Hillebrand,  which  shows  4*93 
per  cent  TiO,.  The  occurrence  of  rutile  in  these  localities  is 
of  more  scientific  interest  than  of  commercial  value. 

This  paper  describes  briefly  field  observations  made  in  a 
small  area  of  metaraorphic  crystalline  rocks,  containing  rutile 
and  cyanite  in  intimate  association,  and  results  of  microscopic 
study  of  thin  sections  of  specimens  collected  from  the  area. 
The  area  lies  12  miles  northwest  of  Charlotte  Courthouse,  in 
the  extreme  northwest  corner  of  Charlotte  County,  Virginia. 
The  chief  object  of  these  notes  is  to  direct  attention  to  the 
mode  of  occurrence  and  relations  of  rutile  and  cyanite  in  this 
locality,  and  to  note  the  manner  of  alteration  of  the  cyanite, 
which  is  pronounced  and  we  believe  of  interest.  Cyanite  is 
more  abundant  than  rutile,  and  the  latter  is  only  of  scientific 
interest  in  the  Charlotte  County  area. 

Lithologic  Characters, 

The  accompanying  map,  fig.  1,  comprises  a  very  small  area 
in  the  extensive  belt  of  metamorphic  crystalline  schists,  desig- 
nated pre-Cambrian  in  age  on  the  recent  geologic  map§  of 
Virginia.  Within  the  area  mapped  two  types  of  the  schist  are 
recognized  in  their  principal  difiFerentiated  parts,  but  are 
regarded  as  probable  variations  of  a  single  type,  since  they 
appear  to  grade  into  each  other  in  the  field,  and  with  the  excep- 

*  The  discovery  of  rutile  in  the  area  described  in  this  article  was  made  by 
the  janior  author,  who  has  supplied  the  field  notes  and  map. 

t  Dana,  E.  S.  A  System  of  Mineralogy,  1900,  pp.  501,  799.  Hintze,  C. 
Handbuch  der  Mineralogie,  1906,  p.  1595;  1907,  pp.  1617-1619. 

1  Derby,  O.  A.     This  Journal,  vol.  vii,  p.  343,  1899. 

I  Geological  map  of  Virginia.     Virginia  Geological  survey,  1911. 
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tion  of  cyanite  the  principal  minerals  are  the  same  in  botli. 
The  rocks  have  a  strike  of  N.  30°  E.  and  an  average  dip  of 
about  45°  southeast,  becoming  vertical  in  places.     No  igneous 

Fig.  1. 


^  1 


|.«."\'..»;!«n'.i«.«.| 


Mica,  schist  Cyanite  schist  Gametschist      Ibitile 


Scale  - 1  Mile 
Fig.  1.     Map  of  nitile- cyanite  area,  Charlotte  County,  Virginia, 
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rocks  are  found  within  the  area,  and  it  is  distant  about  15 
miles  from  the  exposed  western  margin  of  the  granite  and 
granite-gneiss  belt.  From  the  composition  and  texture  of  the 
schists  it  is  inferred  they  were  derived  from  original  siliceous 
and  argillaceous  sediments  under  anamorphic  conditions. 

The  principal  rock  type  is  a  thinly  foliated  quartz-sericite 
schist  of  light  color  when  fresh  and  of  medium  coarse  grain. 
It  is  composed  of  quartz  and  sericite  as  essential  minerals, 
with  occasional  grains  of  rutile  and  other  accessory  minerals  as 
microscopic  inclusions.  Thin  sections  show  granulation  and 
optical  disturbance  of  the  quartz,  the  former  (granulation) 
being  pronounced  in  the  hand  specimens. 

The  second  rock  type  is  a  cyanite  schist  of  variable  texture 
according  to  whether  quartz  or  cyanite  predominates.  Some 
specimens  show  a  fine-granular  nearly  white  rock  composed 
almost  entirely  of  sugary  quartz,  with  occasional  cyanite  and 
sericite.  The  other  extreme  is  represented  by  a  coarse  aggre- 
gate of  greenish  cyanite  in  flat  prismatic  individuals  measuring 
2  inches  long  by  ^  inch  wide,  and  containing  but  little  quartz. 
Between  these  two  extremes  many  gradations  are  traceable. 
The  principal  minerals  are  quartz,  cyanite,  and  sericite,  with  a 
goodly  sprinkling  of  rutile  in  places.  Under  the  microscope 
the  effects  of  dynamo-metamorphism  are  shown  in  granulation, 
fractures,  and  optical  disturbance  of  the  quartz.  Cyanite 
occurs  in  prismatic  form  having  good  cleavage  development 
parallel  to  the  vertical  axis,  and  contains  some  inclusions.  It 
is  distributed  irregularly  through  the  rock  and  at  times  forms 
the  dominant  mineral,  ranging  in  size  up  to  2  inches  long  and 
from  green  and  blue  to  colorless.  Rutile  as  grains  and  crys- 
tals occurs  with  few  exceptions  in  the  substance  of  both 
cyanite  and  quartz.  Black  tourmaline  and  garnet  are  noted  in 
places. 

Rutile, 

The  principal  occurrence  of  rutile  is  in  the  cyanite  schist 
although  occasional  grains  are  observed  as  microscopic  inclu- 
sions in  the  quartz-sericite  schist.  The  rutile  is  frequently 
observed  megascopically  as  minute  grains  in^  the  hard  rocK 
and  in  the  sands  derived  from  the  decay  of  the  schists.  It  is 
red  to  reddish  brown  in  color,  very  faintly  pleochroic,  and  the 
larger  grains  sometimes  show  cleavage.  It  is  quite  generally 
fresh  and  very  seldom  shows  incipient  alteration  peripherally 
to  leucoxene.  It  is  associated  with  both  quartz  and  cyanite, 
more  often  with  the  latter,  in  euhedral  and  anhedral  crystals, 
single  and  twinned,  and  sometimes  in  aggregates.  In  several 
thin  sections  the  rutile  appeared  to  be  as  abundant  in  the 
quartz  as  in  the  cyanite. 
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Microscopically   the  rutile  is  usually   inclosed  in  the  sub- 
stance of  the  cyanite  and  to  some  extent  in  the  quartz,  without 

Fio.  2. 


Fig.  2.  Photomicrograph  of  cyanite  showing  inclusions  of  mtile  crystals 
(in  black).  Other  occasional  light-colored  inclusions  are  shown.  Fracture 
and  cleavage  in  the  cyanite  are  indicated.     Magnified  105  diameters. 

orientation.     It  is  sometimes  observed  formed  along  the  bound- 
aries of  the  cyanite  and  quartz,  frequently  cutting  into  their 
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substance;  along  cleavage  directions  in  the  cyanite;  and  occa- 
sionally along  irregular  fractures,  but  in  the  latter  case  the 
fracture  in  the  cyanite  sometimes  passes   through  the  larger 

f  rains  of  rutile,  indicating  that  the  rutile  formed  prior  to  the 
mcturing  of  the  cyanite.  The  relations  of  the  rutile  to  the 
cyanite  and  quartz  are  such  as  to  preclude  its  formation  subse- 
quent to  that  of   the  associated  minerals,  cyanite  and  quartz 

Fig.  3. 


Fig.  3.     Photomicrograph  of  cyanite  altered  to  muscovite  folia.     Inclu- 
sions of  ratile  crystals  are  shown.     Magnified  105  diameters. 

(figs.  2  and  3).  Figure  3  is  a  microphotograph  showing 
rutile  inclosed  in  secondary  muscovite  derived  from  the  altera- 
tion of  cyanite,  without  change  of  the  rutile  in  the  original 
mineral  cyanite. 

Cyanite, 

Cyanite,  in  the  schist  described   above,  ranges   in   amount 
from  a  predominant  to  a  very  subordinate  constituent,  in  size 
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up  to  2  inches  long  and  ^  inch  wide,  and  from  colorless  to 
green  and  blue.  It  is  in  long  bladed  and  coarsely  columnar 
crystals,  flattened  parallel  to  100,  and  without  terminal  planes. 
Fractures  crossing  the  longer  directions  of  the  crystals  (100) 
are  rather  common. 

The  cyanite  is  colorless  in  the  thin  sections  but  in  some  of 
the  strongly  colored  individuals  weak  pleochroisra  (colorless  to 
faint  blue)  is  noticeable.  Cleavage  parallel  to  100  is  usuallv 
well  developed  and  is  sometimes  observed  parallel  to  010.  it 
contains  inclusions  of  quartz,  rutile,  and  some  feldspar  (?),  suffi- 
ciently large  and  conspicuous  as  to  give  a  micropoikilitic  tex- 
ture to  the  cyanite. 

The  most  interesting  feature  of  the  cyanite  is  its  alteration  . 
to  muscovite.  Some  specimens  of  a  coarse  aggregate  of 
columnar  individuals  of  deep  green  color  are  easily  scratched 
with  the  knife  and  on  close  examination  are  seen  to  be  composed 
mostly  of  scales  and  shreds  of  muscovite.  Other  specimens 
show  the  alteration  to  be  accompanied  by  the  formation  of 
much  deep  red  to  yellowish-brown  iron  oxide.  Thin  sections 
under  the  microscope  indicate  an  aggregate  of  muscovite 
shreds,  discolored  from  iron   oxide,  and   sometimes   inclosing 

f rains  of  rutile  which  show  little  or  no  alteration  (fig.  3). 
'he  early  stages  of  alteration  progress  partly  along  cleavage 
and  fracture  directions,  indicated  usually  by  a  somewhat  darker 
color  along  these  directions. 

The  literature  contains  a  few  references  to  the  alteration  of 
cyanite.  Among  the  more  recent  ones  are  Van  Hise*  and 
Dana,  f  who  remark  that  cyanite  alters  to  muscovite  (damourite) 
and  talc  (steatite).  Clarke  J  says  the  reported  alteration  of 
cyanite  to  talc  and  steatite  is  most  questionable,  and  remarks 
that  probably  a  compact  muscovite  (damourite)  has  been  mis- 
taken for  talc.  The  reactions  involved  in  the  change  of 
cyanite  to  muscovite  (damourite)  are  tliose  of  hydration  and 
are  therefore  characteristic  of  the  zone  of  kataniorphism.§ 

.Genesis. 

The  mineral  association  in  the  area  described  is  one  of 
quartz  and  sericite  with  the  heavy  minerals  cyanite,  some 
rutile,  and  less  tourmaline  and  garnet.  Yan  Hise  ||  has  pointed 
out  that  the  conditions  favorable  for  the  development  of  gar- 

*  Van  Hise,  C.  R.  A  Treatise  on  Metamorphism,  Mono,  xlvii,  U.  S.  Geo- 
logical Survey,  pp.  318-319, 1904. 

t  Dana,  E.  S.     A  System  of  Mineralogy,  p.  501, 1900. 

X  Clarke,  F.  W.  Bull.  330,  U.  S.  Geological  Survey,  p.  528  (footnote), 
1908. 

§  Van  Hise,  C.  R     Loo.  cit.,  p.  318. 

I  Van  Hise,  C.  R.     Ibid.,  p.  300. 
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net,  cyanite,  tourmaline,  and  other  heavy  metamorphic  minerals 
are  heat,  moisture,  and  high  pressure ;  that  they  are  produced 
by  processes  of  silication,  and  are  formed  normally  in  the  zone 
of  anamorphism.  Emmons*  adds  rutile  to  the  list  of  those 
minerals  sometimes  formed  under  conditions  of  dynamic 
regional  metamorphism.  Following  Emmons  f  and  Lind- 
gren:|:  in  the  genetic  classification  of  minerals,  garnet,  rutile,  and 
tourmaline  are  regarded  as  occurring  under  igneous  conditions, 
in  pegmatite  veins,  in  contact  metamorphic  deposits,  in  deep 
vein  zones,  and  under  conditions  of  dynamic  regional  meta- 
morphism. Cyanite  is  not  known  to  occur  as  a  pyrogenetic 
mineral  nor  as  a  product  of  the  deep  vein  zones.  In  the  area 
described  cyanite  is  regarded  as  having  formed  contemporane- 
ous with  the  metamorphism  of  the  rocks. 

The  rocks  of  the  small  area  described  are  metamorphic  crys- 
talline schists  derived  from  original  sediments  under  anamor- 
phic  conditions  and  the  area  so  far  as  known  is  removed  from 
igneous  rocks  and  therefore  from  igneous  contact  positions. 
Pegmatites  and  veins  are  not  known  to  occur.  The  heavy 
metamorphic  minerals  are  regarded,  therefore,  as  having  been 
produced  under  conditions  of  dynamic  regional  metamorphism. 

Brooks  Mueetim, 
University  of  Virginia. 

*  Emmons,  W.  H.     Economic  Geology,  vol.  iii,  p.  621, 1907. 

t  Emmons,  W.  H.    Ibid.,  pp.  619,  621,  622. 

X  Lindgren,  Waldemar.    Ibid.,  vol.  ii,  pp.  122-125, 1906. 
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Art.  XXIII. — Seventh  Paper  on  the  Heat  of  Comhination  of 
Acidic  Oxides  with  Sodium  Oxide  ;  by  W.  G.  Mixter. 

[Contributions  from  the  Sheffield  Chemical  Laboratory  of  Yale  University.] 

The  heat  effects  of  the  reactions  of  the  heavy  metals  of  the 
first  group  and  their  oxides  with  the  oxides  of  sodium  have 
been  studied.  Large  errors  in  the  experimental  work  were 
unavoidable.  The  results,  however,  show  that  the  higher 
oxides  of  copper,  silver  and  gold  combine  with  sodium  oxide 
with  considerable  heat  effect  to  form  compounds  which  are 
stable  at  high  temperatures. 

Copper  in  the  form  of  a  powder  burned  poorly  in  sodium 
peroxide.  The  oxide,  because  it  was  more  finely  divided  than 
the  metal  used,  answered  better.  The  reaction  between  the 
oxide  and  the  sodium  peroxide  may  have  been  incomplete  and 
the  result  low.  The  cupric  oxide  for  the  two  following  tests 
was  prepared  by  heating  basic  copper  carbonate  to  500°.  It 
was  in  the  form  of  a  bulky  powder. 

Experiment  1. — Cupric  oxide  5*025,  sulphur  1*000,  sodium 
peroxide  16  grams.  Thermal  result  for  1  gram  of  cupric 
oxide,  130^ 

Experiment  2. — Cupric  oxide  4*93,  sulphur  1*000,  sodium 
peroxide  13  grams.  Thermal  result  for  1  gram  of  cupric 
oxide,  124^ 

The  fusions  were  good,  dark  green,  and  left  when  treated 
with  water  a  black  residue  which  set  free  chlorine  from  hydro- 
chloric acid,  showing  that  a  peroxide  of  copper  was  present. 
The  mean  of  the  thermal  results  is  10,110^  for  one  gram  mole- 
cule of  cupric  oxide.  Assuming  that  theCuO  was  all  oxidized 
to  CuO,  and  adding  19,400^  for  the  heat  required  to  reduce 
Na,Oa  to  Na,0  and  O,  we  have  for  the  heat  effect  of 

CuO  +  O  +  -N'a.O  =  29,500^ 

Since  the  fusions  were  green  it  is  evident  that  a  compound  of 
a  copper  oxide  and  sodium  oxide  was  formed. 

Siloer, 

Silver  in  the  form  of  fine  powder  was  prepared  by  pre- 
cipitating the  metal  by  copper  from  a  solution  of  the  nitrate, 
washing  it  with  water  and  ammonia  and  drying.  The  follow- 
ing determinations  were  made  : 
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1  2 

Silver 10000  grams  10*000  grams 

Sulphur 1-000      «  J-000      " 

Sodium  peroxide 17-  "  13*  " 

Heat  observed 5424<^  6596^ 

Heat  of  oxidation  of  S  and  Fe 5320°  5320*^ 

104°  276° 

For  1  gram  of  silver 10°  28° 

The  mixture  in  experiment  1  did  not  fuse  but  only  sintered 
together  and  the  product  contained  no  fused  particles  of  silver. 
The  fusion  of  2  was  good  and  it  left  when  digested  with  water 
and  acetic  acid  6*8  grams  of  metallic  silver,  most  of  which  was 
in  a  fine  powder.  A  few  particles  of  fused  silver  were 
present,  showing  that  the  temperature  of  the  fusion  was  high. 
The  first  result  is  low  because  the  fusion  was  not  good. 
Sodium  peroxide  in  water  reduces  silver  oxide,  hence  it  is  im- 
possible to  determine  how  much  of  the  silver  in  the  mixture  of 
experiment  2  was  attacked  and  it  is  best  to  consider  that  all 
of  it  was.  On  this  assumption  the  heat  effect  of  1  gram  of 
silver  reacting  with  sodium  peroxide  is  28°  and  of  2  gram 
atoms  it  is  6,000°. 

Silver  Oxide. 

The  silver  oxide  used  in  the  investigation  was  made  bv 
adding  potassium  hvdroxide  to  a  solution  of  the  nitrate,  it 
was  thoroughly  wasted,  dried  in  the  air  and  then  heated  for 
two  days  at  200°  to  220°  and  finally  the  temperature  was  raised 
and  kept  at  280°  for  several  hours.  The  preparation  contained 
92-8  per  cent  of  silver ;  Ag^O  containing  93*1  per  cent.  It 
was  not  quite  free  from  carbonate,  but  gave  off  very  little  gas 
when  dissolved  in  nitric  acid.  It  was  preserved  in  a  stoppered 
tube.     The  experimental  work  was  as  follows : 

3  4 

Silver  oxide 6*200  grams      4*897  grams 

Sulphur 1-500      "  1-500      « 

Sodium  peroxide 15-  "  14-  " 

Heat  observed 8526°  8358° 

Heat  of  S  and  Fe 7955°  7955° 

571°  403° 

For  1  gram  of  Ag,0 92°  81° 

Some  gas  was  given  in  experiment  3  in  the  combustion  but 
none  in  4.  Both  fusions  left  a  few  minute  particles  of  fused 
silver  when  they  were  disintegrated  by  water  and  the  fine 
sediment  floated   off.     The   mean   of  the  two  results  is  87°. 
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This  number  multiplied  by  231-76,  the  molecular  weight  of 
Ag,0,  gives  20,000^  for  the  heat  effect  of  Ag,0  +  Na,0,. 

Silver  oxide,  Ag,0,  does  not  exhibit,  bo  far  as  known,  any 
acidic  property  towards  strong  bases  or  basic  oxides.  More- 
over only  the  higher  oxides  of  metals  are  as  a  rule  acidic 
oxides.  Hence  it  is  probable  that  a  compound  of  silver  per- 
oxide, Ag,0„  with  one  or  more  molecules  of  sodium  oxide  is 
formed.  On  this  assumption  the  following  are  derived  from 
the  experimental  data : 

2Ag  +  2Na,0,  =  Na  O.Ag.O,  +  Na,0  + 6,000° 

2Na,0  +  20  =  2Na,0,  + 38,800° 

2Ag  +  20  +  Na,0  =  Na,O.Ag,0,  + 44,800° 

Ag.O  +  Na,0,  =  Na,O.Ag,0,  + 20,000° 

Na.O  +  0  =  Na,0,  + 19,400° 

Ag,0  +  O  +  Na,0  =  Na.O.Ag.O,  + 39,400° 

2Ag  +  O  =  Ag,0   f 6,400° 

Considering  the  unavoidable  errors,  5,400°  found  for  the 
heat  of  formation  of  silver  oxide  agrees  fairly  with  Thomson's 
result  of  5,900°. 

Gold. 

Fernand  Meyer*  observed  that  precipitated  gold  reacts 
violently  with  molten  sodium  peroxide  with  formation  of  sodium 
aurate.  Determinations  of  the  heat  effect  of  the  reaction  and 
also  that  of  NajO  +  Au,0,  have  been  made  and  it  has  been 
found  that  both  reactions  are  attended  with  very  considerable 
heat. 

Gold  powder  required  for  the  investigation  was  prepared  by 
throwing  down  the  metal  from  a  dilute  solution  by  sulphurous 
acid.  The  brown  precipitate  obtained  was  washed,  dried  and 
then  rubbed  through  a  sieve  having  50  meshes  to  the  inch. 
The  sodium  peroxide  used  was  also  sifted  through  the  same 
sieve  and  the  neat  of  one  gram  of  sulphur  burned  in  the  per- 
oxide was  found  to  be  5276°.  The  heat  effect  of  the  iron  wire 
used  for  ignition  was  taken  to  be  44°.  The  following  are  the 
experiments : 

12  3  4 

grams 


Gold 

S 

Na.O 

1 
5-000 
1-000 
14- 
6660° 
6320° 

2 
5-000 
1-000 
12-4 

5774° 
6320° 

3 
6-000 
1-000 
13- 
6675° 
6320° 

4 

6-000 
1-000 
13- 

a«    ""-     — ------- 

Heat  observed 

"     due  to  Fe  and  S 

5725° 
5320° 

330° 

454° 

355° 

405° 

For  1  gram  of  gold  . 

66° 

91° 

71° 

81° 

*C.  R.  145,  805,  1907. 
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The  mixture  of  gold,  sulphur  and  peroxide  fused  and  left 
on  cooling  a  compact  mass.  When  the  fusions  were  disin- 
tegrated in  water  part  of  the  sodium  aurate  hydrolvzed  with 
separation  of  auric  hydroxide  and  at  the  same  time  the  feodium 
peroxide  present  reduced  considerable  gold.  Hence  the 
metallic  gold  in  the  insoluble  portions  of  the  fusions  should 
not  be  deducted  from  the  amount  taken.  In  experiment  1  the 
residue  left  by  water  was  treated  with  hydrochloric  acid  to 
remove  auric  hydroxide  and  the  gold  remaining  was  2*7  grams. 
In  the  second  experiment,  where  less  peroxide  was  used  than 
in  the  first,  the  gold  from  the  fusion  was  only  0*8  gram.  A 
small  amount  oi  gold  in  the  form  of  minute  fused  particles 
was  observed  in  tne  residues  left  by  water  in  experiments  1 
and  3. 

The  wide  differences  in  the  results  obtained  are  due,  in  part, 
to  variable  but  small  amounts  of  gold  not  attacked  and  in 
part  to  unavoidable  small  errors  all  of  which  affect  the  small 
values  for  gold.  The  mean  of  the  result  is  77®  for  one  gram 
of  gold  reacting  with  sodium  peroxide.  For  two  gram  atoms 
it  is  77«  X  197-2  X  2  =  30,400^ 

Auric  Oxide, 

The  attempt  to  make  pure  auric  oxide  for  this  investigation 
led  to  a  study  of  auric  hydroxide.*  It  was  found  that  the 
hydroxide  loses  oxygen  before  all  of  the  water  is  expelled. 
The  substance  taken  from  the  calorimetric  work  was  prepara- 
tion B  described  in  the  paper  referred  to.  In  composition  it 
corresponded  closely  to  the  formula  Au,0^.  Although  it  was 
a  mixture  of  auric  oxide  and  metallic  gold  it  will  be  considered 
as  auric  oxide  in  the  calculations  and  the  following  experi- 
ments : 

5  6 

Auric  oxide 4*004   grams  3*8 11    grams 

Sulphur 1-000*    «  1-000        " 

Sodium  peroxide 10-  "  10*  " 

Observed  heat  .    6216*^  6206° 

Heat  due  to  S  and  Fe 5320°  6320° 


896°  886° 

For  one  gram  of  Au,0,  . .  224°  232° 

The  mean,  228°,  multiplied  by  442*4,  the  molecular  weight 
of  auric  oxide,  gives  100,900°  for  the  heat  effect  of 
3Na,0  +  Au,0,.  The  result  is  low  since  both  fusions  con- 
tained a  little  metallic  gold  and  correction  is  not  made  for  the 

*  Auric  hydroxide  formed  on  a  gold  anode.     Deportment  of  auric  hydrox- 
ide when  heated.    J.  Am.  Chem.,  xxxiii,  688. 
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metallic  gold  mixed  with  the  auric  oxide  used.     It  should  be 
stated  that  oxygen  was  not  liberated  by  the  fusions. 

The  heat  of  formation  of  auric  oxide  is  derived  as  follows : 

2Au   +3Na,0,  =  3Na,0.Au,0,  +   30,400*' 

8N,0  4-  30  =  3Na,0,  + 58,200*^ 

2Au  +  30  +   3Na,0  =  3Na,0.Au,0,+ SSjeOO*' 

and 

Au,0,  4-  8Na,0  =  3Na,0.Au,0,  4- 100,900^ 

hence 

2Au  +  30  =  Au,0,  ~ —12,300^ 

Apparently  these  results  are  fair  since  —12,300®  found  for 
the  neat  of  formation  of  Au,0,  agrees  well  with  Thomson's, 
which  is  2Au  +  30  +  Aq  =  Au,0,Aq  -  13,200^  The  exper- 
iments with  gold  and  auric  oxide  show  conclusively  that  the 
heat  of  formation  of  sodium  aurate  is  very  large. 

The  heats  of  the  formation  of  the  peroxides  of  copper  and 
silver  are  not  known.  They  are  probably  negative  and  small. 
Assuming  the  amounts  of  these  heats  to  be  negligible,  we 
have 

Cii.O,  +  (Na.O)^  = 59,000^ 

Ag,0,  +  (Na.O),  = 39,000® 

Au.O,  +  3Na,0  = 101,000® 

The  peroxide  of  copper  is  taken  as  Cu,0^  so  that  it  may  for 
comparison  contain  two  atoms  of  metal.  In  previous  papers 
it  has  been  shown  that  the  heats  of  combination  of  acidic 
oxides  with  sodium  oxide  is  closely  related  to  the  atomic 
weights  of  the  elements  of  a  sub-group.     In  the  case  of  the 

?eroxides  of  copper,  silver  and  gold  this  relation  is  lacknig. 
'he  heat  of  Ag,0,  H-  (Na,0),  is  much  less  than  corresponds  to 
the  atomic  weight  of  silver.  The  explanation  appears  to  be 
this :  Silver  is  more  basic  than  copper  and  gold,  and  its  perox- 
ide contains  only  one  atom  of  oxygen  to  one  of  silver,  while 
the  other  two  oxides  contain  more  than  one  atom  of  oxygen  to 
one  of  copper  or  gold. 
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Art.  XXIV. — On  the  Rates  of  Solution  of  Certain  Metals  in 
Dissolved  Iodine^  and  tneir  Relation  to  the  Diffusion 
Theory  ;  by  R.  G.  Van  Name  and  Rowland  S.  Bosworth. 

[Contribation  from  the  Kent  Chemical  Laboratory  of  Yale  Univ.— ccxxiii.] 

In  a  recent  paper*  it  was  shown  that  the  metals  mercury, 
cadmium,  zinc,  copper,  and  silver,  all  dissolve  at  the  same  rate 
in  a  solution  of  iodine  in  potassium  iodide,  a  result  which  seems 
to  prove  that  the  velocity  of  the  reaction  is  determined  by  the 
rate  of  diffusion  of  the  iodine  rather  than  the  actual  rate  of 
combination  of  the  iodine  with  the  metal.  Moreover,  it  was 
found  that  when  the  concentration  of  the  potassium  iodide  is 
changed,  or  when  bromine  or  cupric  bromide  is  substituted  for 
the  iodine,  the  reaction  velocity  is  altered  in  the  direction  which 
would  be  expected  from  the  rates  of  diffusion  of  the  active 
substances. 

The  present  investigation  is  an  extension  of  the  work  of  Van 
Name  and  Edgar,  intended  to  further  test  the  applicability  of 
the  Diffusion  Theory  to  this  type  of  reaction,  it  covers,  (1), 
a  comparison  of  the  rates  of  solution  of  several  more  metals  in 
iodine  ;  (2),  a  study  of  the  effect  of  substituting  other  metallic 
iodides  for  potassium  iodide  ;  and  (3),  of  the  effect  of  varying 
acidity. 

The  method  and  apparatus  employed  were  substantially  the 
same  as  those  used  and  described  by  Van  Name  and  Edgar,  but 
with  several  minor  modifications  which  increased  the  regularity 
and  reproducibility  of  the  results.  Disks  of  the  different 
metals,  of  like  size,  were  held  in  a  fixed  position  in  the  iodine 
solution  with  the  plane  of  the  disk  vertical  and  close  to  the 
path  of  the  blades  of  a  propeller-shaped  glass  stirrer  revolving 
at  a  known  rate.  The  velocity  of  the  reaction  was  measured 
by  removing  samples  of  the  liquid  from  time  to  time  and  titra- 
ting with  0*02  normal  thiosulphate. 

Two  points  in  which  the  procedure  differed  from  that  of  Van 
Name  and  Edgar  are  worthy  of  mention;  first,  the  special  pre- 
cautions, described  below,  which  were  employed  to  insure  uni- 
formity in  the  size  of  the  metal  disks,  and  second,  the  use  of  a 
holder  for  the  disks  made  entirely  of  platinum.  The  latter 
eliminated  a  source  of  trouble  and  uncertainty  present  in  the 
earlier  work  owing  to  the  occasional  breakage  of  the  glass 
holder,  since  it  was  necessary,  and  by  no  means  easy,  to  repair 
the  holder  without  appreciably  altering  its  dimensions.  This 
new  holder,  which  was  identical  in  shape  with  the  glass  ones, 
was  constructed  of  stiff  heavy  platinum   wire.     To  prevent 

♦  Van  Name  and  Edgar,  this  Journal,  xxix,  237,  1910. 
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metallic  contact  between  disk  and  holder,  the  three  horizontal 
projecting  arms  which  grasped  the  disk  at  three  points  on  its 
circumference  were  coated  with  a  heavy  layer,  renewed  from 
time  to  time,  of  a  commercial  pyroxylin  preparation  known  as 
"New  Skin."  The  slight  spring  of  the  platinum  wire  sufficed 
to  hold  the  disk  firmly  in  place. 

Variations  in  the  diameter  of  the  disks,  since  they  afiect 
the  surface  area  to  a  relatively  large  extent,  were  avoided  in 
the  following  way.  The  metals  used  were  carefully  rolled 
out  to  a  uniform  thickness  of  O'S"*™  and  cut  into  pieces 
slightly  larger  than  desired.  A  pair  of  specially  prepared  pat- 
terns in  the  form  of  thick  circular  disks  of  hardened  steel  were 
then  clamped  in  concentric  position  on  opposite  sides  of  the 
metal  sheet,  and  the  edges  of  the  latter  carefully  trimmed  and 
tiled  away  to  exact  coincidence  with  the  circumference  of  the 
patterns.  The  diameter  of  the  disks  so  prepared  was  38'3"" 
with  a  maximum  variation  of  about  O'DS"*".  Before  using,  the 
disks  were  always  cleaned  with  hot  caustic  alkali  and  then 
slightly  etched  with  acid  to  insure  uniform  action  over  the 
whole  surface. 

The  velocity  constant  was  calculated  from  the  expression 

K  =  2*3 log  ~ ,  in  which  v  is  the  total  volume  of  the 

K  -  K  ^. 

liquid,  and  <?,  and  c^  are  the  amounts  of  thiosulphate  needed  to 
titrate  a  20^^  sample  at  times  t^  and  ^,. 

The  rate  of  stirring  was  the  same  in  all  the  experiments  here 
recorded,  170  revolutions  per  minute.  Variations  in  the  rate 
seldom  exceeded  rh  1  per  cent,  and  as  great  care  was  taken 
to  adjust  the  mean  rate  to  170  revolutions,  the  fluctuations 
affected  chiefly  the  single  values  of  the  constant,  and  must  have 
had  an  almost  negligible  eflEect  upon  the  final  result,  i.  e.,  upon 
the  average  value  of  the  velocity  constant  for  the  given  exper- 
iment. 

In  many  of  the  experiments  a  further  precaution  was  taken. 
With  the  aid  of  a  stop-watch,  and  of  a  bell  connected  with 
the  speed  indicator  so  as  to  ring  after  every  100  revolutions,  it 
was  possible  without  interfering  with  the  experiment  to  accu- 
rately determine  the  mean  rate  of  stirring  for  the  whole  of 
each  separate  reaction  period.  The  corresponding  values  of 
the  velocity  constant  were  then  corrected  to  170  revolutions  on 
the  assumption  that  the  value  of  the  constant  is  proportional 
to  the  4/5  power  of  the  rate  of  stirring.*  Although  this  pro- 
cedure gave  greater  security  against  possible  variations  in  the 
stirring,  the   effect   of  the  corrections  upon  the  final  result 

*  This  relation  was  shown  to  hold  approximately  by  the  work  o£  Van 
Name  and  Edgar. 
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proved  in  many  cases  to  be  wholly  negligible,  and  in  only  one 
experiment  out  of  aboat  thirty  did  it  amount  to  five  units  in 
the  second  decimal  place  (about  0*7  per  cent),  thus  showing 
that  for  most  purposes  the  simpler  method  was  sufficiently 
accurate. 

Meperiments  with  Cadmium. 

A  preliminary  series  of  experiments  showed  that  cadmium 
would  be  a  more  suitable  metal  for  the  purposes  in  view  than 
mercury,  the  metal  used  by  Van  Name  and  Edgar  in  the 
majority  of  their  experiments.  It  is  worthy  of  mention  that 
the  rates  of  solution  of  these  two  metals  were  found  to  be  the 
same  within  the  error  of  experiment,  thus  confirming  the  con- 
clusion reached  in  the  earlier  paper.*  The  values  obtained 
were  as  follows: 

Mercury  (Disk  of  gold,  heavily  amalgamated) 

with  w/1  KI,      (4  exps.)     7*41     7-36     7*46     7*47     Mean,  7-43 
"     72/1  Nal,    (3  exps.)     6-86     6-66     6*72  Mean,  6*71 

Cadmium 

with  n/1  KI,      (2  exps.)  7*46      7  54  Mean,  7*50 

''     n/1  Nal,    (1  exp.  )  6*83 

Substitution  of  sodium  for  potassium  iodide  lowers  the  rate  of 
solution  of  both  metals,  and  by  the  same  amount.  Details  of 
these  experiments  are  omitted  both  because  the  results  are  infe- 
rior in  accuracy  to  those  later  obtained  with  the  improved  appa- 
ratus and  method,  and  because  the  constants  are  not  directly 
comparable  with  the  later  ones  on  account  of  subsequent 
changes  in  the  dimensions  of  the  apparatus. 

Except  in  the  above  preliminary  work,  the  iodide  solutions 
used  were  invariably  0*5  equivalent  normal  with  respect  to 
iodide  (1/2  KI,  1/4  Bal,,  etc.).  The  change  to  a  more  dilute 
iodide  solution  brought  with  it  the  same  phenomenon  observed 
with  zinc  in  the  earlier  work,f — a  tendency  for  the  metal  disk 
to  become  coated  with  hydroxide  owing  to  hydrolysis  of  its 
iodide.  To  avoid  this  the  solutions  were  in  all  cases  made 
slightly  acid,  generally  0*02  equivalent  normal,  with  sulphuric 
or  hydrochloric  acid.  It  will  be  shown  later  that  up  to  over 
0*1  normal  the  degree  of  acidity  has  no  appreciable  effect  upon 
the  reaction  velocity.  The  fact  that  hydrolysis  of  the  cadmium 
iodide  did  not  occur  when  the  concentration  of  alkali  iodide 
was  normal  or  above  is  no  doubt  due  to  the  extensive  formation 
of  the  double  salt  of  the  type  K,CdI,  in  the  stronger  solutions. 

The  metallic  cadmium  used  was  of  Kahlbaum's  preparation. 
To  ascertain  whether  possible  impurities  in  the  metal  were 
♦  This  Jonmal,  xxix,  237.  f  This  Journal,  xxix,  245. 
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aflEecting  the  results  a  portion  of  about  200  grams  was  sub- 
jected to  two  successive  distillations  in  a  current  of  hydrogen, 
but  the  redistilled  metal  showed  on  trial  no  perceptible  differ- 
ence in  behavior  from  the  original  sample.  Thereafter  the 
Kahlbaum  cadmium  was  used  without  further  attempt  at 
purification. 

In  Table  I  are  the  results  of  sixteen  duplicate  experiments 
with  cadmium,  the  first  six  recorded  in  detail.  No  corrections 
for  variations  in  the  rate  of  stirring  have  been  applied  in  this 
series.  The  volumes  of  the  solution  are  given  for  experiment 
1  only,  but  the  same  values  apply  to  all  the  experiments  of 

Table  I. 

Metal :  Cadmium.  Stirring^  170  revs.  Temperature  20**. 

KI  0-5  normal.  HaSO*    0-02  normal. 

1.  r=  580  560  540  520  500  480«« 
At=              10             10             10             12             11  10»»° 

c  =  19-76        17-58        15-58        18  74        11  79        1011  878 

K=  6-78  6-75  6'78  6-63  6*97  677  Average,  6'78 

2.  A«=  11  10  11  10  10  10 

c  =  20-01        17-70        15-76        1377        1221        1068  9-33 

K=  6-45  6-49  6*63        (6-24)         668         648  Av..6*66 

3.  Lt-  10  10  10  10  10  10 

c  =  2013        17-92        15-93        1405        12*39        1080  9-86 

K=  6-74  6-58  6  77  6*53  6-87  6-86  Av.  678 

4.  A«=  10  10  10  10     .        10  10 

c  r=  21-46        1911        16-90        1494        1313        11-45  992 

K=  6-71  6-88  6-64  6-71  684  6-88  Av.  678 

5.  A«=  10  10  11  11  10  10 

c  =  19-52        17-34        15-37        13-33        11-42        1000  868 

K=  6-87  6-74  699        (729)        ^663         679  Av   6*80 

6.  M=  10  10  10  10  10  10 

c  =  18-81        16-73        14-81        13-11        11*53        10-10  8*80 

K=  6-79  6-81  6-58  667  661  6*61  Av.  6*68 

7.  K=  6-80  6-81  6-68  659  6*79  662  Av.  ^72 

8.  K=  6-66  6-90  676  677  6*79  666  Av.  676 

9.  K=  6-56  6-70  672  652  688  652  Av.  6'65 

10.  K=  6-46  6-44  6*48  649  652  6  64  Av.  6"61 

11.  K=  6-80  6-77  6-72  6-85  7-01  6*79  Av.  6*82 

12.  K=  6*59  6*85  688  6*65  704  664  Av.  678 

13.  K=  6-52  6-69  678  653  679  667  Av.  6  66 

14.  K=  6-64  6-98  6-85  6-76  6*88  6*70  Av.  6*80 

15.  K=  6-71  6-68  6-78  667  7*00  668  Av.  676 

16.  K=  6-56  6-77  683  649  690  657  Av.  6*69 

Average  of  all,  6*72 
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this  paper ;  580®*^  for  the  first  reaction  period,  and  20^°  less  for 
each  succeeding  one.  Values  of  <?,  the  iodine  concentration, 
are  expressed  in  cubic  centimeters  of  an  approximately  0*02 
normal  thiosulphate. solution  required  by  20°°  of  the  liquid. 
At  is  the  time  interval  (^,— ^,  page  208)  in  minutes.  A  few 
abnormal  constants,  indicated  by  parentheses,  have  been  omit- 
ted in  calculating  the  averages. 

Table  II  shows  the  effect  of  varying  acidity.  Corrections 
for  fluctuations  in  the  stirring  have  been  applied  by  the 
method  described  above,  r  being  the  mean  rate  of  stirring 
during  the  given  reaction  period.  In  experiments  4  to  11  the 
correction  data  have  been  omitted  for  the  sake  of  brevity, 
but  the  average  given  in  each  case  is  that  of  the  corrected 
constants. 

A  necessary  readjustment  of  the  apparatus  between  this 
series  and  that  of  Table  I  has  slightly  altered  the  value  of  the 
constant.  A  proper  comparison  is  obtained  by  comparing 
experiments  2,  3,  and  4,  which  are  closely  concordant,  and 
whose  average  is  K  =  6*86,  with  the  6*72  of  Table  I. 

The  close  agreement  between  the  first  five  experiments  of 
Table  II  shows  that  a  change  in  acidity  between  the  limits  of 
0*002  and  0-1  normal  has  no  appreciable  effect  upon  the  results. 
Further  increase  in  the  acidity  diminishes  the  rate  of  solution 
by  an  amount  which  increases  with  the  concentration  of  the 
acid.  A  comparison  of  experiments  3  and  4  shows  that  the 
substitution  of  hydrochloric  for  sulphuric  acid  does  not  appre- 
ciably alter  the  constant.*  A  similar  agreement  between 
the  effect  of  hydriodic  acid  and  of  sulphuric  acid  at  0*5 
normal  concentration  will  appear  later. 

Table  II. 
Metal :  Cadmium.     KI  0*5  normal.     Temperature  25°. 

1.  H,S04    0-002  normal. 

1?=     580     560     540     520     500     480    460 
Ae=      10      10      10      10      10     10     10 
c  =  19-65    17-51    15-50    18-61    lost    10*41    905    7  80 
K=      6-68    6-83    678  683    6*72    6  82 

r=    170-5    1700    1693    1695    171 -1    168-9   1695 
K(corr.)=  6-67    6*83     680  682    675    684 

Av.  679 

2.  H9SO4    0-02  normal. 

A<=  10  10  10  10  10  10 

c  =a  19-92        17-71        15-68        13-74        1209        10*51  909 

K=  6-82  6-81  712  6*65  699  696 

r=         171*3        170-1        171-0        1702        1709        1688 
K  (corr.)  =    6-78  6-81  709  6*64  6*96  700  Av.  6*88 

♦Compare  also,  in  Table  III,  experiments  1  and  2,  and  in  Table  VI, 
experiments  8  and  9. 
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Table  n. — Continued, 

Metal:  Cadmium.     KI  0*5  nonual.    Temperatnre  25°. 

3.  H,S04    002  normal. 

At=  10  10  10  10  10  10 

c  =  89-62       8519       3118        27-37        24*00        20-96        1815 
K=  6-87         6-85         6*94         6-88         676         6-90 

r=         170-5        170-6        170-3        169-5        169-3        169*5 
K  (coiT.)  =    6-85         6-88         6*93         685         6*78         692  Ay.  6*86 

4.  HCl     0-02  normal. 

A<=  10  10  10  10  10  11  10 

e  =  89-79        85'43        81*50        2772        2427       21*13        1801        15*50 
K=  6-72         6*58         689         690         692         696         6*90 

K  (corr.)  av.  6*83 

5.  H,SO«    01  normal. 

Ae=  10  10  10  10  10  10 

c  =  19-93        17-70        15-68        1879        12*09        1050         913 
K=  6-87         6  79         692         684         704         6*70 

K  (corr.)  av.  6.86 

6.  HsS04    0  33  normal. 

M-  10  10  11  10  12  10 

c  =  20-01        17-88        15-90        1390        1228        1047         911 
K=  6-51  6-57         6-59         6*43         6*64         667 

K  (corr.)  a  v.  6*64 

7.  H,S04    0-5  normal. 

Af=  10  10  10  11  10  10 

c  =  20-20        1810        16 11        14-30        1250        10  98         963 
K=  6-36  6-52  643  635  647         629 

K  (oorr.)  ay.  6*40 

8.  HaSO*    0-9  normal. 

M=  10  10  11  10  12  13 

c  =  19-27        17*32        15-49        13*64        1211        1035        8-69 
K=  619         6-23         6-24         618         654         645 

K  («orr.)  av.  6*81 

9.  HaSOi  1-  normal. 

M=  10-05  10  10  10  10  10 

c  =  20-46        18-34        16-34        1457        1289        11  30  9-86 

K=  6-29  6-45  619         6-86  658         654 

K  (oorr.)  av.  6*39 

10.  HaSO*     I-  normal. 

M=  10  10  10  10  10  10 

c  =  21-11        18-97        16-97        1508        13-86        1180        10-31 
K=  6-19         6-28         6-87         629         620         647 

K  (corr.)  av.  6*34 

11.  HaS04    1-  normal. 

At=  10  10  10  10  10  10 

c  =  20-54        18-48        16-56        14-72        1808        11-57        10-14 
K=  612  6-18  6-86  614  618  633 

K  (corr.)  av.  617 
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K= 

707 

6-71 

2. 

K= 

6-82 

7-01 

3. 

K= 

6-75 

6-76 

4. 

K= 

6-68 

6-90 
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With  the  more  strongly  acid  solutions  it  is  necessary  to 
prevent  oxidation  of  the  iodide  by  the  air.  All  experiments 
of  the  present  investigation  in  which  the  acidity  of  the  solution 
was  greater  than  O'l  normal  were  therefore  carried  out  in  an 

Table  III. 

Metal:  Ibon.        KI  0 '5  normal.        Temperature  25*.        r .=  170. 

HsS04  0*02  normal  (except  in  experiments  1,  10,  and  11). 

Common  Wrought  Iron. 
•1.    1?  =  580  560  640  520  500  480 

Ae=  10  10  11  10  11  10 

c  =  19-96        17-67        15-67        1350        1183        1012         877 

7-32  6-85  709         6*87  Average,  6*99 

6-89          701  7-15  702  Av.  6*98 
Swedish  Iron. 

708          6-58  6-93  682  Av.  6*82 

719          6-64  7-00  708  Av.  6'92 

**  American  Ingot  Iron.^^  ' 

5.  M=  10  10  10  10  10  10 

c  =  20-18   17.95   15-91   14*02   12*38   10*81    9*44 

K=     6-78    6-75    683    6*46    6*77    6*49     Av.  6*68 

6.  At=  10      10      10     10     10      10 

c  =  18-97        16-83        14-92        13*18        11-57        1010         8*79 

K=  6*94         6*74         669         677         679         6*66  Av.  677 

7.  At=       .      10  11  13  13  17  20 

c  =  17*95        1603        1404        11*99        10*17         8*14         618 

K=  6*56  6-73  6*55  658  6*54  6*50  Av.  6*69 

8.  A«=  14  10  10  13  12  24 

c=20  54        17*40        15-43        13-59        11*54         9*77  6*98 

K=  6*87  6  71  8*86  6*53  6*93  6*72  Av.  677 

9.  A<=  10  10  12     *        10  10  5  13 

c-=  19*40        17*25        15-26        1304        11-45         lost  9*29  7*88 

K=  6-80         6*89         704         6*76  6*87         6-73 

Av.  686 

10.  HaS04  0-1  normal. 

Ae=  10  10  10  10  10  10 

c  =  19-55        17-40        15-39        13*55        1193        1048  900 

K=  6-75  6*86  6-87  6*61  6*46         (7*31)         Av.  671 

11.  H,S04  01  normal. 

A«=  10  10  11  10  10  10 

c  =  19-35        17-25        15-30        13-28        11  74        1024         891 
K=  6*66  6-71  6*94  6*40  6-83  6*67  Av.  670 

*HC1  0-02  normal,  instead  of  H^SO*. 
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atmosphere  of  carbon  dioxide,  obtained  by  conducting  a  rapid 
current  of  the  gas  into  the  upper  part  of  the  reaction  vessel 
throughout  the  experiment.  Blank  tests  showed  that  this 
method,  when  properly  carried  out,  reduced  the  oxidation  to  a 
negligible  amount.  In  one  case,  however,  experiment  6,  a 
failure  of  the  generating  apparatus  allowed  some  oxidation  to 
occur,  the  amount  of  wnich  was  roughly  estimated,  and  a  cal- 
culated correction  of  0*07  added  to  the  final  result.  The  value 
of  "  K  (corr.)"  for  experiment  6  as  given  in  the  table  includes 
fhis  correction. 

.Experiments  with  Iron, 

The  disturbing  effect  of  impurities  in  the  metal  used  is  well 
illustrated  by  the  experiments  with  iron  recorded  in  Table  III. 
In  experiments  1  and  2  the  disks  were  of  common  sheet  iron, 
which  in  dissolving  set  free  a  considerable  quantity  of  carbon. 
Swedish  iron,  supposed  to  be  of  fairly  high  purity,  was  used  in 
experiments  3  and  4.  The  rest  were  carried  out  with  "  Amer- 
ican Ingot  Iron,"*  which,  according  to  the  advertised  analysis, 
is  about  99'9  per  cent  pure.  That  this  last  material  was  com- 
paratively free  from  carbon  was  evident  from  the  bright 
surface  which  it  maintained  in  dissolving,  and  the  clear  solu- 
tion produced. 

It  is  seen  in  the  table  that  the  common  and  Swedish  iron 
gave  higher  constants  than  the  purer  metal.  A  possible  effect 
of  the  presence  of  carbon  in  the  iron  is  illustrated  by  the 
results  of  certain  experiments  in  which  metallic  contact  existed 
between  the  disk  and  its  platinum  holder.  This  occasonally 
happened  owing  to  the  wearing  through  of  the  layer  of 
pyroxlin  on  one  of  the  arms  supporting  the  disk,  and  was 
indicated  by  an  abnormally  high  rate  of  solution  as  shown  by 
the  two  following  experiments  with  cadmium  in  the  presence 
of  barium  iodide : 


A. 

9-22 

9-13 

9-20 

904 

9-05 

9-25 

Av.  9-15 

B. 

8-73 

8-49 

8-82 

8-21 

8-27 

Av.  8-50 

The  normal  value  of  the  constant  under  the  prevailing  condi- 
tions was  6*4:5.  In  both  cases  a  plainly  visible  point  of  contact 
between  the  cadmium  and  platinum  was  found. 

It  is  easy  to  account  for  the  high  constants  in  such  cases. 
Contact  between  the  two  metals  establishes  a  short-circuited 
cell  of  which  j)latinum  is  the  cathode.  This  affects  the  results 
in  two  ways :  first,  the  nascent  hydrogen  evolved  on  the  plati- 
num reduces  iodine,  thus  causing  an  apparent  increase  in  the 
reaction  velocity  ;  second,  the  rate  of  movement  of  the  iodine 
diffusing  toward  the  disk  in  the  form  of  1/  ions  is  accelerated 
by  the  superposition  of  an  electrical  force  upon  the  osmotic 
*  From  the  American  BoUing  MiU  Co.,  Middletown,  Ohio. 
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force,  thus  actually  increasinsj*  the  rate  of  solution  of  the  disk. 
In  view  of  these  facts  it  seems  reasonable  to  conclude  that  a 
particle  of  carbon  or  of  a  more  negative  metal  adhering  to  the 
disk  might  have  a  similar  effect,  so  that  in  maay  cases  (not 
necessarily  in  all)  an  impure  metal  would  give  a  higher  constant 
than  a  pure  one,  as  in  the  present  instance. 

In  comparing  these  results  with  those  obtained  with  cad- 
mium, only  those  experiments  need  be  considered  in  which 
the  purest  iron  was  used.  Experiments  5,  6,  7,  8,  and  9  carried 
out  at  0*02  normal  acidity,  give  an  average  value  of  K  of  6*74: ; 
experiments  10  and  11,  at  0*1  normal  acidity,  an  average  of 
6*71,  thus  again  proving  that  the  rate  of  solution  is  independent 
of  the  acidity  when  the  latter  is  not  too  high.  Since  these 
experiments  were  carried  out  before  the  readjustment  of  the 
apparatus!  they  are  to  be  compared  with  the  value  6*72  for 
cadmium.     The  agreement  is  excellent. 

Table  IV. 
KI  0-5  normal.        HaSO*  0*02  normal.        Temperature  25°.     r  =  170 

Nickel, 
1.     r=^  580  560  540  520  500  480 

U=z  10  10  15  10  10  10 


c  =  2003        17-82 
K=           6-78 

15-81        1312        11-55       10-09 
6-70          6-71          6-61         6-75        672 

8-77 
Average,  671 

2. 

M=             10 

c  =  19-84        17-68 

10            10            10            10             10 
15-69        13-84        1217        10-59 

9-18 

K=           6-64 

6-71 

6-77         6-67 

6-95 

6-86 

Av.  677 

8. 
4. 

K=            6-24 
K=            6-47 

6-00 
6-25 

Cobalt  (Impure). 
615          6-72 
6-33          605 

5-83 
6-87 

5-73 

6-18 

Av.  6  96 
Av.  628 

5. 

Disk  38-76  X  0075 
A«=             10 

mm 

10 

Cobalt  {Electrolytic), 
11             11 

10 

11 

c  =  39-40        84-68        30-38        2626        2259        1964        1670 
K=  7-39  7-41  715  7*11  699  707 

K  (corrected  for  stirring)  av.  7*16 
K,  with  further  correction  for  size  of  disk,  6'90 
6.    Disk  38-64  x  0-068™™ 

Ae=  10  10  11  10  10  10 

c  =  39-54        84-92        3058        2670        23-89        20-37        17-48 
K=  7-19         7-43         6-65         688         690         7-34 

K  (corrected  for  stirring)  a  v.  7*01 
K,  with  further  correction  for  size  of  disk,  6*83 

*A  greater  increase  would  be  produced  by  the  discharge  of  the  much 
more  numerous  I'  ions,  but  as  this  would  not  directly  affect  the  free  iodine 
concentration  it  would  not  appear  in  the  results. 

f  See  page  211. 


Digitized  by  LjOOQIC 


216       Van  Name  and  Boswarth — Rates  of  Solution  of 

Experiments  with  Nickel  and  Cobalt. 

No  special  tests  for  purity  were  applied  to  the  sample  of 
nickel  used,  but  the  fact  that  in  dissolving  in  acid  or  iodine 
solution  it  retained  a  bright  surface  and  gave  no  residue  may 
be  accepted  as  an  indication  that  it  contained  very  little  carbon. 
The  velocity  constants  obtained  agree  very  closely  with  those 
for  iron  and  cadmium. 

The  first  two  experiments  with  cobalt,  Nos.  3  and  4  in  the 
table,  were  carried  out  with  a  comparatively  impure  sample 
of  the  metal,  which  on  treatment  with  acids  or  iodine  solution 
soon  acquired  a  black,  closely  adherent  coating.  This  cobalt 
was  proved  by  chemical  tests  to  contain  a  good  deal  of  nickel 
and  iron  together  with  traces  of  copper.  The  results  obtained 
with  this  sample  of  cobalt  are  mucn  lower  than  with  iron  or 
nickel. 

For  experiments  5  and  6  disks  of  pure  electrol3'tic  cobalt 
were  used,  obtained  by  depositing  the  metal  on  a  disk  of  plati- 
num of  the  standard  diameter  from  a  solution  of  carefully 
purified  cobalt  chloride  containing  sodium  formate  and  a 
slight  excess  of  formic  acid.  Very  smooth  and  compact 
deposits  of  ample  thickness  were  thus  obtained,  using  a 
current  density  of  0*4  amp.  per  sq.  dm.  The  purification  of 
the  cobalt  chloride  was  based  on  two  successive  precipitations 
as  potassium  cobaltinitrite. 

These  disks  retained  a  perfectly  clean  surface  in  dissolving. 
Before  using  they  were  measured  with  a  micrometer  and  the 
constants  obtained  were  corrected  for  the  diflEerence  in  surface 
area  from  that  of  the  standard  size  (SS-S"*"  diam.  and  0'5"° 
thick). 

Since  experiments  5  and  6  were  performed  after  the  read- 
justment of  the  apparatus  they  are  to  be  compared  with  the 
value  6'86  of  Table  II.  The  agreement  is  evidently  all  that 
could  be  desired. 

Experiments  with  Tin,  Magnesium^  and  Aluminum, 
The  results  obtained  with  tin  are  of  particular  interest  since 
they  show  the  nature  of  the  disturbances  to  be  expected  in  the 
case  of  a  metal  which  may  give  two  diflEerent  soluble  iodides. 
As  compared  with  the  metals  previously  considered  the  velo- 
city constants  for  tin  were  found  to  be,  on  the  average, 
about  15  per  cent  higher.  This  can  not  be  attributed  to 
impurities,  for  the  sample  of  tin  used  was  of  the  highest 
purity  which  could  be  purchased,  and  was  further  purified 
for  this  special  purpose  by  decomposing  it  with  nitric  acid, 
washing  the  metastannic  acid,  and  finally  reducing  with  cane 
sugar.  The  probable  explanation  is  as  follows :  Iodine  reacts 
with  a  stannous  salt  according  to  the  equation 
Sn+-»-  +  I.  =  Sn+++^-  +  2  I', 
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Tabijb  v. 

Metal :  Tnv.        ISJ  0*5  normal.        Temperattire  25".    r  =  170. 

HCl  1'  normal  in  experiments  1,  2,  8,  and  4. 

1.  r=  580  5«0  540  520  500  480 
A<=              10             10             10             10             10  10 

c  =  20-52        1816        15-92        13-67        1171         9-93         805 

K=  7-08         7-87         8-21         804         825        (10-06)        Av.  779 

2.  A«=  6  6  5  7  10  7 

e  =  20-79        19-22        17*74        1651        1495        1269        11-36 

K=  7-58         7-47  777  7-36         818  7-59  Av.  7'66 

8.    Ae=  10  14  11  14  15  21 

c  =  20-95        18-60        15-60        13-54        11  04         876         571 
K=  6-90  7-03  6-94  757  770        (977)  Av.  7*27 

4.  K=  707  6-99  699  750        811  (956)  Av.  7-33 

5.  HCI  0*83  normal. 

K=  7-87  6-88         730  752  708  7-89  Av.  7*38 

6.  HCl  0-25  normal. 

K=  7-43  7-49  7*71  818  7*69  8*67  Av.  7*86 

the  change  from  left  to  right  being  nearly  complete.*  At  the 
actual  surface  of  the  metal  the  iodine  concentration  is  practi- 
cally zero,  and  the  tin  will  therefore  dissolve  as  stannous  iodide. 
As  this  diffuses  through  the  "unstirred"  layer  it  will  encounter 
an  ever  increasing  concentration  of  iodine,  and  will  therefore 
soon  be  converted  into  stannic  salt.  The  diffusion  path  for 
the  iodine  so  used  will  be  less  than  the  thickness  of  the  diffu- 
sion layer,  thus  causing  a  more  rapid  consumption  of  iodine 
than  in  a  normal  case  and  giving  the  high  velocity  constants 
actually  observed. 

To  prevent  hydrolysis  of  the  tin  salt  and  the  resulting 
accumulation  of  hydroxide  on  the  disk,  the  solutions  were 
made  at  least  0*25  normal  with  hydrochloric  acid.  Oxidation 
was  prevented  by  the  use  of  carbon  dioxide  as  described  above. 

In  the  experiments  with  metallic  magnesium,  hydrogen  was 
always  evolved  from  the  disk,  thus  introducing  a  disturbing 
factor  of  a  new  kind.  None  of  the  metals  discussed  above 
had  evolved  hydrogen  in  visible  amounts  even  at  the  highest 
acidity  employed,  but  with  magnesium  hydrogen  was  pro- 
duced to  some  extent  even  in  neutral  solution,  and  when 
enough  acid  was  present  to  keep  the  disk  free  from  hydroxide, 
the  gas  evolution  became  very  marked. 

There  are  two  obvious  ways  in  which  the  gas  evolution 
would  affect  the  results;  first,  the  adhering  gas  babbles  would 

*  The  use  of  this  reaction  as  a  quantitative  method  of  estimating  iodine 
has  been  proposed  by  Spring,  Jour.  Am.  Chem.  Soc,  xix,  809. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  189.— September,  1911. 
16 
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Table  VI. 
Metal :— Cadmium.    Iodides  all  0*5  normal.     Temp.  25".     r  =  170. 

Hydrogen  Iodide. 

1.  HI    0*5  normal.    No  other  acid. 

V  =r  580  560  540  520  500  480  460 

M=  11  11  18  13  11  12  18 

c=  86-75        32-55        2873        2480       2116        18-84        1559        1200 
K=  6-89         6-36         609         6  85         650         649         668 

K  (corr.)  av.  6*45 

Sodium  Iodide. 

2.  H,S04    0-02  normal. 

M=  10  10  10  10  11  10 

c  =  38  59       84-46        80-63        2709        23-87        2069        1801 

K=  6-56  6-59  662  656  649         667 

E  (corr.)  av.  6'59 
8.     H3SO4    0-02  normal. 

At=  12  11  10  11  10  12 

c  =  51-78        45-81        89-84        35-82        80  77        2698       22-91 

K=  6-45         6-54         650  651  657  658 

K  (corr.)  ar.  6*68 

Lithium  Iodide. 

4.  HaSO*    002  normal. 

At=  10  12  11  11  10  10  10 

c  =  39-91        35-34       30-88        2707       23-65        2080        1818        1581 
K=        (7-04)         6-86         6-38         6-38         641  646         642      . 

E  (corr.)  ar.  640 

5.  •H«S04    0-02  normal. 

At=  10  11  12  11  10  11 

c=  39-97       85-79        3156        2789        2391        2104        1810 
K=  6-89  6-40         6-37  641  6-39  655 

K  (corr.)  ay.  6*41 

Barium  Iodide. 

6.  HCl    002  normal. 

Mz=  10  10  10  12  11  11  11 

c  =  89-82        85-19        81-30        2778        28-92        2079        1786        1581 

K=  6-43         6-56         643         647         6-87         662         648 

K  (corr.)  av.  6*47 

7.  HCl    0-02  normal. 

Ae=  10  10  10  10  11  12  10 

c  =  39-16        85-09        81  29        27-81        2461        21-86        1818        15-74 

K=  6-35  6-41  6-36  685  643  644  662 

K  (corr.)  av.  6*42 
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Tabus  VI.— Conitntied. 

Metal: —Cadmium.    Iodides  all  0*5  normal.    Temp.  25*".    r  =  170. 

Magnesium  Iodide. 

8.  H,S04    002  normal. 

v=z  580  560  540  520  500  480     «     460 

M=  11  12  11  10  11  10  11 

c  =  89-71        85-47       8095       2721        2413       21*03       18-39        1588 
K=  5-95         6-35         6*32         6-23         625         6-43         626 

K  (oorr.)  av.  6*25 

9.  HCl    0-02  normal. 

At=  10  10  10  10  10  10 

c  =  40-35        36-27       32-42        2892        2562        2261        1979 
K=  6-18         6-27         616         629         624         639 

K  (corr.)  av.  6*26 

10.  HCl    0-02  nomal. 

A<=  10  10  10  10  10  10 

c  =  40-96        36-81        32-90        2932        2600        23-94        2011 

K-         6-19         6-29         6-21         624         626         6-31 

E  (oorr.)  ar.  6*26 

CcUeium  Iodide, 

11.  HCl    002  normal. 

M=  10  10  10  10  12  10 

c=  39-70       35-67       31-90       2840       2518       21-67       1899 
K=  6-20         6-25         6-27         624         625         684 

K  (corr.)  av.  6*25 

12.  HCl    002 normal. 

At=  10  10  10  10  10  10 

0=4019       3619        32-38       28-81        2557       2256        1979 
K=  6-07         6-22         6.31         620         626         628 

K  (corr.)  ay.  6*21 

Cadmium  Iodide, 

13.  HCn    0-02  normal. 

At=s  10  10  10  11  15  10 

c  =  2217       19-64       17-47       1540        13-41        1066       9-84 
K=  7-03         6-54         6-81         653         764         635 

K  (corr.)  av.  6*80 

14.  HCl    0-02  normal. 

Ae=  10  10  10  10  4  10  11 

c=  14-82        1318        11-70        10-36         lost  856         742         6-29 

K=  6-79         6-66         656  700  686         689 

K  (corr.)  av.  6*78 

15.  HCl    0-02  normal. 

A<=  10  10  10  10  10  10 

c  =  1415        12-59        11-17         9-85         859         750         6-46 
K=  6-78         6-68         6-79         7*10         678         716 

K  (oorr.)  av.  6*87 
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reduce  the  available  surface  of  the  disk,  and  second,  the  break- 
ing off  of  the  bubbles  would  stir  the  diffusion  layer,  thus 
bringing  the  strong  outside  solution  into  direct  contact  with 
the  metal.  These  two  effects  would  act  in  opposite  directions, 
but  apparently  the  second  predominates,  for  the  constants 
obtained  are  high. 

An  experiment  in  the  presence  of  0*1  normal  sulphuric  acid, 
giving  a  brisk  hydrogen  evolution,  resulted  as  follows : 

A.  8-72     9-28     8-50     8-43         Average  8*73 

In  neutral  solutions  the  disk  remains  free  from  hydroxide 
if  a  little  ammonium  chloride  is  present,  but  even  under  these 
conditions  there  is  a  very  marked  evolution  of  hydrogen. 
The  two  following  experiments  were  performed  in  neutral 
solutions  which  were  about  0*025  normal  with  respect  to 
ammonium  chloride : 

B.  9-31     10-71      11-85     12-75     950  Av.   1082 

C.  9-19       9-76     10-06      13-12     7-50     8-90     Av.     9-76 

The  conspicuous  irregularity  of  the  constants  is  only  what 
would  be  expected  wlien  we  consider  the  large  effect  which 
would  be  produced  by  variations  in  the  rate  of  formation  or 
in  the  size  of  the  gas  bubbles,  factors  which  it  is  very  difficult 
to  control. 

A  number  of  experiments  were  carried  out  with  aluminum 
disks,  but  in  every  case  the  metal  was  so  irregularly  attacked 
by  the  iodine  that  no  confidence  can  be  placed  in  the  results. 
The  disk  after  use  was  always  found  to  be  pitted  with  small 
holes,  with  intervening  spaces  which  appeared  to  have  been 
attacked  but  little  if  at  all  by  the  iodine.  The  single  experi- 
ments gave  fairly  regular  constants  but  duplicate  experiments 
did  not  agree  at  all  closely.  The  values  of  the  constants  were 
low  in  every  case  except  one,  this  being  an  experiment  in  the 
presence  of  normal  hydrochloric  acid  which  gave  an  evolution 
of  hydrogen  and  a  high  constant,  no  doubt  on  account  of  the 
hydrogen.  In  the  other  cases  the  acidity  was  0*25  normal  or 
less.  All  of  the  results,  however,  were  entirely  compatible 
with  the  conclusion  drawn  from  the  inspection  of  the  disks ; 
namely,  that  a  part  of  the  surface  of  the  metal  was  not  attacked. 

Cadmium  in  the  Presence  of  Various  Iodides, 

It  has  been  shown  by  Jakowkin*  that  iodine  dissolved  in  a 
large  excess  of  an  iodide  of  an  alkali  or  alkali  earth  metal  in 
water  solution  is  almost  completely  combined  in  the  form  of 
triiodide.  We  should  expect,  therefore,  that  the  diffusion  of 
iodine  in  such  a  solution  would  be  determined  chiefly  by  the 
*Zeitschr.  phys.  Chem.,  xx,  19. 
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rate  of  diffusion  of  the  triiodide  molecules,  which  in  turn  must 
vary  with  the  nature  of  the  positive  ion.  Hence  the  rate  of 
solution  of  a  metal  in  the  liquid  should  be  different  in  the 
presence  of  different  iodides. 

These  differences  in  the  rate  of  solution  furnish  the  basis  for 
an  interesting  and  valuable  test  of  the  validity  of  the  diffusion 
theory,  and  we  have  therefore  carried  out  a  series  of  parallel 
experiments  with  cadmium  in  the  presence  of  a  number  of  dif- 
ferent iodides  in  equivalent  concentration.  These  experiments 
were  very  carefully  performed,  and  the  results,  given  in  detail 
in  Table  VI,  are  very  concordant.  The  greatest  fluctuation  in 
the  constants  occurred  with  cadmium  iodide,  and  is  probably 
due  to  the  low  iodine  concentrations  which  had  to  be  employed, 
which  magnified  the  errors  of  titration.  Corrections  for  rate 
of  stirring  were  applied  in  the  manner  already  described.  The 
magnesium  iodide  used  contained  a  small  amount,  perhaps  one 
or  two  per  cent,  of  calcium  iodide,  but  the  effect  of  this  impur- 
ity must  have  been  negligible  as  the  constants  for  these  two 
iodides  are  practically  equal.  Values  for  potassium  iodide, 
comparable  with  Table  Vl,  are  furnished  by  experiments  2,  3, 
and  4  of  Table  II.  The  agreement  between  experiment  1  of 
Table  VI  and  experiment  7  of  Table  II  shows  that  hydriodic 
acid  alone  has  practically  the  same  effect  as  sulphuric  acid  of 
the  same  concentration  in  the  presence  of  an  equivalent  amount 
of  potassium  iodide. 

Disctission, 

A  summary  of  all  the  results  of  previous  tables  with  the 
exception  of  those  obtained  with  impure  metals  is  given  in 
Table  VII.  Most  of  the  values  represent  the  mean  of  two  or 
more  experiments  under  the  stated  conditions. 

Under  A,  are  the  mean  values  of  the  velocity  constants  for 
different  metals  in  the  presence  of  potassium  iodide,  for  each 
degree  of  acidity  tested.  To  facilitate  comparison  results 
obtained  before  the  readjustment  of  the  apparatus  referred  to 
on  page  211  have  been  multiplied  by  the  factor  6"86/6*72, 
thus  reducing  them  to  the  later  standard.  Such  values  are 
indicated  by  stars. 

The  agreement  between  the  metals  cadmium,  iron,  nickel, 
and  cobalt  is  very  striking,  and  clearly  proves  that  under  like 
conditions  these  metals  dissolve  in  iodine  at  the  same  rate.  In 
the  earlier  investigation  a  like  result  was  obtained  with  the  five 
metals,  mercury,  copper,  silver,  zinc  and  cadminm.  Eight 
metals  in  all  have,  therefore,  been  shown  to  possess  the  same 
rate  of  solution  in  iodine,  a  result  for  which  there  seems  to  be 
no  satisfactory  explanation  other  than  that  furnished  by  the 
diffusion  theory. 


Digitized  by  LjOOQIC 


222       Van  Name  and  Bosworth — Rates  of  Solution  of 

Under  B  in  Table  VII  are  ^ven  the  mean  values  of  the 
velocity  constants  for  the  experiments  with  cadmium  in  the 
presence  of  different  iodides.  Considered  from  the  standpoint 
of  the  diffusion  theory,  these  figures  must  represent,  at  least 
roughly,  the  relative  magnitudes  of  the  rates  of  diffusion  of 
iodine  in  the  different  solutions.  An  exact  parallelism  would 
not  be  expected,  since  this  could  only  exist  if  the  thickness  of 
the  diffusion  layer  were  the  same  in  each  case,  while  in  reality 
the  thickness  would  vary  somewhat  with  the  properties  of  the 
liqjiid,  especially  its  viscosity. 

It  would  be  extremely  interesting  to  compare  these  velocity 
constants  withi  the  directly  measured  diffusion  coefficients  of 
iodine  in  the  different  solutions,  but  as  yet  none  of  the  nec- 
essary diffusion  coefficients  have  ever  been  determined,  though 
it  is  likely  that  this  deficiency  will  be  remedied  before  long.* 
It  is  possible,  however,  by  making  certain  assumptions,  to 
obtain  a  rough  estimate  of  the  relative  values  of  these  rates  of 
diffusion.  For  reasons  already  given  (p.  221),  they  would  be 
expected  to  depend  chiefly  upon  the  diffusion  velocities  of  the 
triiodide  molecule.  As  a  first  approximation  we  may  assume 
that  the  rates  of  diffusion  of  the  different  triiodides  would  fol- 
low the  same  order  as  the  corresponding  iodides.  Inspection 
of  the  existing  data  on  the  rates  of  diffusion  of  iodides  shows 
clearly  that  potassium,  sodium,  and  lithium  iodides  stand  in 
the  order  named,  while  hydrogen  iodide,  by  analogy  with 
hydrogen  chloride,  should  be  highest  of  all.  With  the  divalent 
iodides  it  is  necessary  to  base  the  estimate  chiefly  upon  the 
migration  velocities  of  the  positive  ions,  which  are  given  in 
the  third  column  of  Table  VII,  B.  The  difference  in  the  ioni- 
zation of  divalent  and  univalent  iodides  makes  it  unsafe  to 
base  any  comparison  between  the  two  groups  upon  the  ionic 
velocities.  The  diffusion  data  seem  to  show  that  the  alkali 
earth  halides  diffuse  slower  than  the  alkali  halides. 

On  referring  to  the  values  of  the  velocity  constants  for  cad- 
mium in  the  presence  of  different  iodides,  as  given  in  Table 
VII,  B,  we  find  the  alkali  iodides  in  the  order,  potassium ; 
sodium  ;  lithium  ;  as  would  be  expected  from  the  above  con- 
siderations. Barium  stands  above  both  magnesium  and  cal- 
cium, as  would  be  anticipated,  but  calcium  is  slightly  below 
magnesium,  thus  deviating  from  the  order  of  the  ionic  velocities. 

There  are  two  values,  however,  for  which  the  above  analysis 
gives  no  explanation.  One  is  the  liigh  velocity  constant  for 
cadmium  iodide,  which  in  view  of  its  abnormally  low  ioniza- 
tion  and  its.  tendency   to   form   complex   anions    would   be 

*  Dr.  Graham  Edgar  has  kindly  undertaken  to  carry  out  these  measure- 
ments in  connection  with  other  experiments  on  diffusion  which  he  is  conduct- 
ing at  the  University  of  Virginia. 
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Table  VII. 

Summary  of  Velocity  Constants, 

A. 

Acidity N/500    N/50     N/10      N/4      N/3      N/2     9N/10    N/1    NH4CI 

N/40 
Cadmium....     6-79      6-86      6*86       ....      664      640      6-31       6-30 

Iron *6-88     *Q'S&      

Nickel *688      

Cobalt 6-87 

Tin *8-02     *7-48       ♦7-67 

Magnesium 8*73      10*29 

B. 

Cadmium  Migration  ViBcosities  of 

in  presence  velocity  of  chlorides  in  N/2 

of                                        K  cation.  sol.  at  25**. 

Potassium  Iodide 6-88                      K+  64-9  0987 

Cadmium  Iodide 682  1/2  Cd  +  +  474  1  -063 

Sodium  Iodide 656                     Na+  48-6  1*047 

Hydrogen  Iodide 645                       H+  818*  1.034 

Barium  Iodide 645  1/2  Ba+ +  551  1057 

Lithium  Iodide 6*41                     Li+  33*4  1067 

Magnesium  Iodide 6*25  1/2  Mg  +  +  459  1  094 

Calcium  Iodide 6.23  1/2  Ca+ +  51*5  1076 

*  Starred  values  have  been  multiplied  by  6 '86/6 -72. 

expected  to  stand  at  the  bottom  of  the  list  or  near  it ;  the 
other  is  the  value  for  hydrogen  iodide,  which  is  surprisingly 
low  considering  the  high  mobility  of  the  hydrogen  ion.  It  is 
evidently  this  peculiarity  in  the  behavior  of  hydriodic  acid 
which  accounts  for  the  observed  effect  of  acidity  in  lowering 
the  velocity  constant. 

Another  factor  besides  the  rate  of  diffusion,  which  would 
affect  the  rate  of  solution  of  a  metal,  is  the  viscosity,  an 
increase  in  which  would  tend  to  increase  the  thickness  of 
the  diffusion  layer  and  thus  retard  the  reaction.  In  the 
absence  of  published  data  on  the  iodides,  the  viscosities  of  the 
corresponding  0'5-normal  chloride  solutions  at  25°,  referred  to 
water  at  the  same  temperature  as  unity,  are  given  for  compari- 
son in  the  last  column  of  the  table.f  The  order  of  increasing 
viscosity  is  K,  H,  Na,  Ba,  Cd,  Li,  Ca,  Mg,  which  is  nearer  the 
order  of  the  velocity  constants  than  was  the  case  with  the 
ionic  velocities,  and  explains  in  part  the  unexpected  values 
observed  with  cadmium  and  hydrogen  iodides.  The  inference 
to  be  drawn  from  the  two  anomalous  velocity  constants  is  that 

f  According  to  measurements  by  J.  Wagner,  Zeitschr.  phys.  Chem.,  v, 
31,  and  by  Reyher,  Zeitschr.  phys.  Chem.,  ii,  744. 
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iodine  will  probably  prove  to  diffuse  in  cadmium  iodide  faster, 
and  in  hydrogen  iodide  slower,  than  the  above  considerations 
have  led  us  to  expect 

There  is  obviously  nothing  in  the  results  of  this  investiga- 
tion, as  judged  by  the  evidence  at  present  available,  which  is 
incompatible  with  the  diffusion  theory.  On  the  other  hand, 
the  results  are  in  most  respects  in  striking  agreement  with  the 
predictions  of  that  theory.  A  study  of  the  temperature  coef- 
ticient  of  the  reaction  between  iodine  and  .a  metal  has  already 
been  begun. 

Summari/, 

1.  The  rates  of  solution  of  cadmium,  iron,  nickel,  and  cobalt 
in  similar  iodine  solutions  have  been  measured  and  found  to 
be  equal.  This  result  extends  the  list  of  metals,  which  by  the 
former  article  were  shown  to  dissolve  at  the  same  rate,  from 
five  to  eight :  viz.  Hg,  Cu,  A^,  Zn,  Cd,  Fe,  Ni,  and  Co. 

2.  Tin  gives  a  higher  velocity  constant  than  the  above 
metals.  This  is  what  would  be  expected  if  the  formation  of  the 
stannic  iodide  took  place  in  two  stages,  as  is  probably  the  case. 

3.  Magnesium  dissolves  abnormally  fast  owing  to  the  stirring 
action  of  the  bubbles  of  hydrogen  set  free  from  its  surface. 

4.  An  increase  in  the  acidity  of  the  solution  above  0*1  nor- 
mal lowers  the  value  of  the  velocity  constant. 

5.  The  rates  of  solution  of  cadmium  in  tlie  presence  of  eight 
different  iodides  have  been  determined.  Except  in  the  cases 
of  cadmium  iodide  and  of  hydriodic  acid  the  relative  values  of 
the  velocity  constants  roughly  correspond  with  what  would  be 
expected  from  the  probable  rates  of  diffusion  of  the  correspond- 
ing triiodides  as  estimated  from  the  available  data.  Since  the 
diffusion  coeflScients  of  iodine  in  the  different  solutions  are 
still  unknown,  it  is  not  yet  possible  to  base  a  satisfactory  test 
of  the  diffusion  hypothesis  upon  these  constants. 

6.  The  results  as  a  whole  support  the  validity  of  the  diffu- 
sion theory. 
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Aet.  XXV. — Crose-bedding  and  Absence  of  Fossils  Consid- 
ered as  Criteria  of  Continental  Deposits  /*  by  Edward  M. 
Kindle. 

In  recent  years  a  marked  inclination  has  developed  in  some 
quarters  to  question  the  marine  origin  of  certain  formations 
which  have  hitherto  been  classed  as  sea-laid  deposits.  The 
writer  heartily  approves  of  the  close  scrutiny  which  some  of 
the  earlier  assumptions  in  this  field  are  receiving.  If,  how- 
ever, we  are  to  make  any  permanent  progress  in  this  direction 
it  is  highly  important  that  the  newer  views  on  this  subiect 
should  themselves  be  something  more  than  mere  assumptions 
or  conclusions  based  upon  false  premises.  In  some  cases  before 
the  later  opinions  concerning  the  conditions  of  deposition  can 
be  accepted  it  will  be  necessary  to  submit  more  satisfactory 
criteria  for  discriminating  nonmarine  from  marine  deposits 
than  those  on  which  some  authors  appear  to  rely  chiefly.  If 
one  may  judge  from  the  character  of  the  evidence  used  in 
some  recent  i)apers  for  establishing  the  continental  origin  of 
formations,  there  is  urgent  need  oi  clarifying  our  ideas  con- 
cerning the  criteria  by  which  such  deposits  may  be  recog- 
nized. This  note  is  intended  to  assist  in  this  process  by 
pointing  out  the  fact  that  some  of  these  criteria  will  not  bear 
critical  examination. 

While  some  authors  have  furnished  satisfactory  evidence 
of  the  continental  origin  of  certain  deposits,  e.  g.,  the  Triassic 
sandstone  of  Connecticut,  others  have  not  taken  the  trouble  to 
tell  us  what  criteria  they  use  for  discriminating  continental 
from  marine  deposits,  giving  instead  of  evidence  some  such 
statement  as  "  we  have  expressed  the  opinion  that  the  sand- 
stone was  a  continental  deposit."t  Prof.  A.  W.  Grabau,  how- 
ever, has  been  sufficiently  explicit  in  indicating  two  of  the 
criteria  which  he  considers  available  in  such  discrimination. 
Tlie  following  quotation  from  Professor  Grabau  indicates  the 
manner  in  whicn  the  general  absence  of  fossils  and  the  pres- 
ence of  cross-bedding  is  used  as  evidence  of  the  nonmarine 
origin  of  beds  which  exhibit  these  features.  In  discussing  the 
age  and  origin  of  certain  sandstones  he  states  : 

"  In  fact,  the  general  absence  of  fossils,  the  frequent  cross- 
bedding  and  other  characters  point  rather  to  a  continental  origin 
of  a  part,  at  least,  of  this  basal  series,  the  agents  of  deposition 
being  rivers  or  the  wind.  There  is  scarcely  a  geologist  today 
who  is  satisfied  with  the  complacent  explanation,  current  only  a 

*  Published  with  the  permission  of  the  Director  of  the  U.  S.  Geological 
Survey. 
+  BuU.  N.  Y.  State  Mus.,  No.  145,  p.  122,  1910. 
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short  time  ago,  that  the  absence  of  fossils  in  a  sandstone  is  due 
to  ^  unfavorable  conditions  at  the  time  of  deposition,'  or  to  sub- 
sequent destruction  of  the  fossils,  in  some  mysterious  way  or 
other.  That  fossils  abound  in  marine  sandstones  of  all  kinds,  and 
even  in  conglomerates,  is  a  well-known  fact,  and  that  the  sands 
along  our  modern  sea-shores  are  rich  in  shells  and  other  hard  parts 
of  organisms,  is  equally  a  matter  of  common  knowledge.  The 
argument  that  the  absence  of  fossils  in  a  rock  which  elsewhere 
carries  them,  indicates  some  peculiarity  of  the  sea-shore  at  that 
point,  capable  of  barring  the  life  of  the  sea,  is  a  laborious 
explanation  to  fit  a  preconceived  notion  of  the  origin  of  the 
formation  in  question."* 

Professor  Grabauf  has  depended  largely  on  the  kind  of 
evidence  outlined  in  the  above  paragraph  in  suggesting  a  con- 
tinental origin  for  the  Queenston  shale,  the  Medina  sandstone, 
and  the  Esopus  shale.  Without  raising  the  question  of  the 
merits  of  any  particular  case  to  which  this  class  of  criteria  has 
been  applied,  the  writer  wishes  to  point  out  the  fact  that  both 
the  features  named,  absence  of  fossils  and  cross-bedding,  may 
and  do  characterize  both  marine  and  nonmarine  sediments. 
Hence  their  presence  in  any  particular  formation  can  not  be 
regarded  as  evidence  of  continental  origin.  Not  only  is  cross- 
bedding  a  common  characteristic  of  marine  sediments,  but  it  is 
quite  probable  that  it  is  often  produced  at  considerable  depths. 
There  is  reliable  evidence,  according  to  A.  R.  Hunt,  "  that  at 
depths  of  about  40  fathoms  in  the  English  Channel  and  of  50 
fathoms  on  the  Banks  of  Newfoundland  there  is  not  only 
motion  at  the  bottom,  but  strong  motion,  far  exceeding  the 
gentle  oscillation  of  the  water  that  is  sufficient  to  ripple  a 
sandy  sea  bed.":}:  We  have  the  testimony  of  Rear  Admiral  Sir 
W.  J.  L.  Wharton§  that  fine  mud  and  sand  may  be  moved  to  a 
depth  of  80  fathoms  by  wave  action  and  that  there  is  evidence 
of  the  chafing  of  cables  to  a  depth  of  260  fathoms.  It  should 
be  recalled  in  this  connection  that  many  ocean  currents  have 
in  parts  of  their  courses  a  velocity  greater  than  most  conti- 
nental streams. 

The  above  citations  sufficiently  indicate  that  vigorous  agita- 
tion of  tlie  sea  bottom  occurs  at  considerable  depths.  For  evi- 
dence that  this  submarine  disturbance  often  produces  cross- 
bedding  we  have  only  to  go  to  the  rocks  themselves.  Cross- 
bedding  instead  of  being  a  characteristic  peculiar  to  nonmarine 
or  "continental  deposits,"  is  a  common  feature  in  almost  if  not 
all  classes  of  marine  sediments  which  have    accumulated   in 

*  Physical  and  Fannal  Evolntion  of  North  America  during  Ordovicic,  Siluric 
and  early  Devonic  time :  Jour.  Geology,  vol.  xvii,  pp.  211-212,  1909. 
t  Idem. 

j  Proc.  Roy,  Soc.  London,  vol.  xxxiv,  p.  15,  1883. 
§  Foundations  of  Coral  Atolls  :  Nature,  vol.  Iv,  1897. 
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waters  of  moderate  depth.  It  occurs  even  in  limestones.  The 
writer  has  seen  excellent  examples  of  cross-bedding  in  the 
Spergen  limestone  of  Indiana.  We  believe  that  no  one,  not 
even  JProfessor  Grabau,  will  question  the  marine  origin  of  the 
Spergen  limestone.  If  geologists  will  bear  these  facts  in  mind 
they  will  neither  cite  cross-bedding  in  rocks  as  an  evidence  of 
their  origin  in  continental  waters  nor  in  extremely  shallow 
marine  waters  as  is  often  done. 

Critical  inspection  of  the  other  criterion  of  nonmarine  sedi- 
ments referred  to  by  Professor  Grabau  shows  it  to  be  fully  as 
untrustworthy  as  cross-bedding  as  a  means  of  discriminating 
nonmarine  beds.  Making  use  of  the  absence  of  fossils  from 
any  given  bed,  whether  partial  or  total,  as  evidence  of  its  non- 
marine  origin  rests  upon  a  serious  misconception  of  the  facts 
relating  to  the  distribution  of  both  extinct  and  living  molluscan 
forms.  Marine  animals  with  hard  structures  were  not  uni- 
formly distributed  over  the  epicontinental  sea  bottoms  in  the 
past,  nor  is  the  present  sea  bottom  within  the  life  zone  of  the 
continental  shelf  occupied  with  anything  like  uniformity.  Off 
some  of  our  present  coasts  richly  tenanted  areas  alternate  with 
others  which  are  barren  of  life.  The  occurrence  of  barren 
zones  in  both  present  and  Paleozoic  seas,  instead  of  being  an 
improbable  or  anomalous  thing,  as  Dr.  Grabau's  remarks 
would  indicate,  is  a  fact  which  may  be  easily  demonstrated. 
This  fact  requires  no  "  laborious  explanation,"  but  is  a  corollary 
of  the  familiar  principle  that  the  distribution  of  marine  life  is 
controlled  by  environmental  factors,  among  which  are  tempera- 
ture, foQd,  salinity,  protection  from  destructive  wave  action, 
and  transportation  of  larval  forms.  Ocean  currents  frequently 
control,  partially  or  completely,  one  or  more  of  these  factors 
with  the  result  that  adjacent  areas  of  the  same  sea  may  be  on 
the  one  hand  marine  deserts  and  on  the  other  areas  teeming 
with  marine  life. 

Among  the  factors  controlling  faunal  distribution,  least  likely 
to  impress  the  paleontologist  with  their  great  importance  if 
his  acquaintance  with  the  seashore  is  limited,  is  the  character 
of  the  bottom,  depth,  and  exposure  to  storm  waves.  Mr.  (Tod- 
win- Austen*  has  well  said  that  a  "  drift  sand  zone  "  is  wholly 
unfitted  for  marine  life.  It  can  be  easily  imagined  that  it 
would  be  as  difficult  for  a  molluscan  fauna  to  secure  a  foothold 
on  the  shifting  sands  of  some  coasts  as  it  is  for  terrestrial  life 
to  establish  itself  firmly  in  a  sand-dune  country.  If,  to  the 
probability  of  being  buried  alive,  we  assume  complete  exposure 
to  the  direction  of  the  heaviest  gales  and  a  depth  which  will  give 
to  storm  waves  their  maximum  destructive  effect  in  pounding 
the  bottom,  we  will  have  an  environment  in  which  no  molluscan 

*  Natural  History  of  the  European  Seas,  p.  238. 
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fauna  could  live.  Professor  Moseley  has  indicated  the  destruc- 
tive nature  of  wave  action  on  the  sea  bottom  in  the  following 
words  : 

"  With  respect  to  enemies,  the  waves  themselves  are,  perhaps, 
the  most  formidable,  as  they  attack  and  occasionally  destroy 
whole  colonies  at  once,  whereas  predatory  foes  rather  affect  the 
individual."* 

Afl  an  example  of  an  environment  which  doubtless  some  of 
the  factors  named  above  made  uninhabitable  by  marine  faunas 
we  may  cite  one  of  the  Carboniferous  sandstones.  The  irregu- 
larity of  the  distribution  of  sea  bottom  life  in  the  Paleozoic  is 
illustrated  in  the  Riverside  sandstone  of  the  "Knobstone" 
group  of  Southern  Indiana.  The  most  carefnl  search  over 
scores  of  square  miles  of  outcrops  of  this  formation,  over  a 
portion  of  its  area  of  distribution,  will  fail  to  discover  a  single 
fossil.  In  other  areas  they  occur  in  abundance.  In  the  areas 
where  fossils  appear  to  be  entirely  wanting  in  this  formation 
there  is  a  total  absence  of  cross-bedding  or  any  other  physical 
features  which  might  suggest  to  some  a  continental  origin. 
Both  the  fossiliferous  and  the  barren  areas  are  clearly  marine 
beds  and  afford  one  of  many  possible  examples  of  the  "  absence 
of  fossils  in  a  rock  which  elsewhere  carries  them."t 

Another  example  which  may  be  given  of  barren  beds  at  a 
horizon  which  is  abundantly  fossiliferous  in  Qther  areas  occurs 
in  central  New  York.  Thus  far  80  feet  or  more  of  the  Gene- 
see shale  of  the  Cayugan  section  has  failed  to  yield  any  fossils 
to  the  most  persistent  collectors. 

The  barren  areas  of  the  Paleozoic  seas  are  duplicated  in  the 
present  seas.  They  occur  along  various  parts  of  the  present 
coasts  of  North  America.  The  writer  has  traversed  several 
hundred  miles  of  the  northwestern  and  northeastern  coasts  of 
the  continent  in  small  boats  which  gave  excellent  opportunities 
for  observing  the  contrasts  between  different  areas  of  the  coast 
with  respect  to  the  relative  abundance  of  marine  life.  On  the 
Alaskan  coast  contrasts  are  often  abrupt  and  most  striking. 
Along  the  beach  at  Nome  one  may  search  for  hours  without 
finding  a  single  shell.  In  that  vicinity  the  writer  has  scanned 
the  bottom  in  depths  of  6  to  15  feet  from  the  side  of  a  small 
boat,  when  the  water  w^as  exceptionally  smooth  and  favorable 
for  observation,  for  miles  witliout  seeing  a  single  sea  shell. 
Northwest  of  Nome  100  miles,  however,  the  abundance  of 
marine  life  is  such  that  the  beach  is  strewn  with  thousands  of 
shells.  A  special  effoi't  was  made  at  Nome  to  secure  repre- 
sentatives of  the  present  marine  fauna,  but  not  a  single  mollus- 

*Else  Reclus'  New  Physical  Geography,  vol.  ii,  p.  376. 
t  Jour.  Geology,  vol.  xvii,  1909. 
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can  shell  was  obtained.  At  Cape  Prince  of  Wales,  however, 
which  is  100  miles  northwest  of  llome,  the  writer  collected  in 
two  hoars  45  species.  Although  the  coastal  waters  at  Cape 
Prince  of  Wales  and  various  points  to  the  northeastward  sup- 
port a  rich  and  varied  fauna,  the  nearly  barren  zone  begins 
immediately  south  of  the  cape  and  continues  unbroken,  save  by 
very  rare  examples  of  sea  shells,  for  more  than  100  miles  along 
the  southwest  coast  of  the  Seward  peninsula. 

On  the  northwest  coast  of  Greenland  the  writer  has  used  a 
dredge  where  on  one  side  of  a  peninsula  every  haul  brought  up 
numbers  of  shells  while  on  the  opposite  side  not  a  single  mol- 
lusk  was  secured. 

Such  facts  as  these,  althougli  they  appear  to  be  unfamiliar 
to  some  paleontologists,  are  in  no  wise  exceptional  or  unusual, 
as  will  be  seen  from  the  following  quotation  from  Godwin- 
Austen  :* 

''There  is  a  zone  of  clean  sand  in  advance  of  most  lines  of  coast 
which  comes  within  the  range  of  the  tidal  and  wave  disturbance 
of  the  water,  where  deposits  are  being  formed,  which,  after  a 
while,  are  broken  up  again,  and  which  may  be  called  the  drift- 
sand  zone.  This  is  wholly  unfitted  for  marine  life,  and  the  only 
organic  forms  it  ever  contains  consist  in  the  fragmentary  shells 
and  tests  of  other  zones.  I  have  dredged  along  a  band  of  this 
kind  for  thirty  miles  on  our  own  coast  without  finding  a  single 
living  form." 

The  exploration  of  the  sea  bottom  off  the  west  coast  of 
America  by  the  Albatross  in  1904  and  1905,  although  in  much 
deeper  waters  than  we  are  concenied  with  in  epicontinental 
seas,  has  shown  in  a  remarkable  manner  the  effectiveness  of  an 
ocean  current  in  controlling  the  distribution  of  marine  life. 
This  expedition,  which  was  in  charge  of  Alexander  Agassiz, 
found  that  the  bottom  under  the  Humboldt  current  is  crowded 
with  organisms,  whereas  there  is  a  sparsely  inhabited  submarine 
desert  to  the  westward  of  the  western  edge  of  the  current. 

In  view  of  the  examples  of  synchronous  barren  and  richly 
tenanted  zones  which  have  been  cited  in  the  seas  of  the  present, 
it  seems  apparent  that  absence  of  fossils  from  any  part  of  a 
formation  can  not  be  accepted  as  evidence  of  non marine  origin. 
Since  both  barren  beds  and  cross-bedding  are  occasional  char- 
acteristics of  botli  marine  and  non  marine  beds,  it  seems  evident 
that  neither  of  these  features  can  be  cited  as  evidence  of  either 
kind  of  origin.  Cross-bedding  affords  decisive  evidence  of 
current  or  wave  action,  but  it  does  not  indicate  whether  the 
action  occurred  in  marine  or  continental  waters. 

In  the  present  stage  of  development  of  the  criteria  of  conti- 
nental deposits  it  will  be  wise  to  use  with  extreme  caution  any 
*  Natural  History  of  the  European  Seas,  p.  233. 
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criteria  for  their  recognition  other  than  the  occurrence  of 
terrestrial  fossils.  The  difficulty  of  furnishing  entirely  conclu- 
sive criteria  for  the  discrimination  of  continental  deposits  is 
sufficiently  indicated  by  the  fact  that  the  best  general  discus- 
sion of  the  subject  which  has  appeared*  expressly  disclaims 
"  the  purpose  to  offer  here  criteria  for  finally  and  definitely  test- 
ing the  origin  of  any  particular  formation.''  Instead  of  depend- 
ing upon  any  particular  kind  of  bedding  and  the  absence  of 
organic  remains  as  evidence  of  nonmarine  conditions  of  deposi- 
tion, the  writer  would  urge  the  necessity  of  finding  terrestrial 
or  nonmarine  fossils.  It  is  true  that  procuring  this  kind  of 
conclusive  evidence  often  requires  much  hard  work  and  some- 
times long  suspension  of  judgment  till  the  evidence  is  secured. 
But  a  conclusion  based  on  such  evidence  is  worth  waiting  for. 

•Barrel!,  Joseph,  Jour.  Geology,  vol.  xiv,  1906,  p.  447. 
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Art.  XXVI. — The  Detection  of  Sympathetic  Vibrations  of 
Small  Amplitude  by  Interference  Methods ;  by  J.  S. 
Stevens. 

During  the  past  few  years  a  number  of  attempts  have  been 
made  in  the  Physical  Laboratory  of  the  University  of  Maine 
to  apply  interference  methods  to  the  detecting  of  sympathetic 
and  forced  vibrations  of  small  amplitude.  The  sensitiveness 
of  the  experiment  has  heretofore  prevented  the  obtaining  of 
any  satisfactory  results.  During  the  past  semester  the  exper- 
iment was  assigned  to  Mr.  R.  M.  Holmes,  an  assistant  in  the 
department,  and  a  beginning  was  made  toward  solving  the 
problem.  It  is  well  known  that  if  two  tuning  forks  of  the 
same  pitch  are  mounted  side  by  side,  the  vibrations  of  one  fork 
will  cause  sympathetic  vibrations  in  the  other.  These  may  be 
detected  by  the  sense  of  hearing,  or  if  a  small  mirror  is  attached 
to  the  prong  of  the  second  fork  a  spot  of  light  may  be  made 
to  trace  its  path  on  a  screen.  The  object  of  the  work  described 
in  this  note  was  to  detect  the  presence  of  sympathetic  vibrations 
of  extremely  small  amplitude.  A  mirror  was  rigidly  attached 
to  the  prong  of  one  fork,  and  this  mirror  was  used  as  the  ad- 
justable mirror  of  a  Michelson  interferometer.  Another  fork 
was  adjusted  so  that  it  had  nearly  the  same  pitch  as  the  first 
fork,  and  this  was  used  as  the  exciting  source.  When  the  two 
forks  were  so  nearly  alike  in  pitch  that  no  beats  could  be  heard, 
the  exciting  fork  was  set  in  vibration  and  held  near  the  fork 
which  had  the  mirror  attached.  There  was  no  contact  between 
the  two  forks,  and  the  vibrations  of  one  passed  through  the  air 
directly  to  the  other.  In  this  case  vibrations  were  readily 
detected  by  rhymic  motion  of  the  fringes  whenever  the  fort 
was  struck.  When  the  exciting  fork  was  weighted,  so  that  it 
had  a  velocity  of  260*6  vibrations  per  second  (the  pitch  of  the 
mirror  fork  being  265),  it  was  possible  to  produce  vibrations 
in  the  second  fonc.     To  do  this,  however,  it  was  necessary  to 

S've  the  first  fork  a  great  amplitude  and  hold  it  very  close  to 
e  second  fork.     When  its  pitch  was  changed  to  258*2  no 
vibrations  could  be  detected. 

It  is  suggested  that  here  is  a  field  of  considei*able  interest. 
If  the  experiment  were  performed  in  a  chamber  from  which 
the  air  could  be  exhausted,  the  relation  between  the  power  of 
the  air  to  carry  sound-waves  and  its  density  could  be  deter- 
mined. The  substitution  of  other  gases  for  air  would  prove  an 
interesting  piece  of  work.  The  sensitiveness  of  the  apparatus 
used  is  illustrated  by  various  tests  which  were  made  by  the  two 
forks.     The  interferometer  was  mounted  on  a  slate  slab  sup- 


Digitized  by  LjOOQIC 


232     Stevens — Sympathetic  Vibrations  of  Small  Amplitude. 

ported  by  a  brick  pier  15  feet  from  the  ground.  When  the 
fork  which  was  in  unison  with  tlie  mirror-fork  was  excited  and 
touched  to  the  bottom  of  the  pier,  corresponding  vibrations 
were  detected.  If,  however,  the  pitch  of  the  fork  was  changed 
by  three  or  four  vibrations  per  second,  no  motion  of  the  fringes 
could  be  observed.  The  passing  of  an  electric  car  300  feet 
distant  caused  a  motion  of  the  fringes ;  and  work  was  practi- 
cally impossible,  except  in  the  evening,  when  the  building  was 
unoccupied. 

Univenity  of  ICaine, 
Orono,  Maine. 


SCIENTIFIC    INTELLIGENCE. 
I.    Geology. 

1.  Die  Kristallinen  Schiefer  des  Laacher  Seegehietes  und  ihre 
Umbildungzu  Santdinit  ;  von  R.  Brauns.  4°,  pp.  61,  18  tables  ; 
in  case.  Stuttgart,  IPll.— The  well-known  ejected  bombs  of 
sanidinite,  so  called,  which  are  found  in  the  volcanic  products  of 
the  Eifel,  and  especially  at  Lake  Laach,  like  those  from  Vesuvius 
and  other  places,  have  had  various  origins  ascribed  to  tbera.  They 
have  been  chiefly  regarded,  either  as  agglomerations  of  early 
formed  minerals,  in  a  molten  magma,  or  as  fragments  of  some 
related  igneous  rock  torn  off  and  brought  up  by  the  magma.  Pro- 
fessor Braans,  as  the  result  of  his  studies,  brings  forward  the  idea 
that  in  reality  they  are  fragments  of  the  sedimentary  gneisses, 
schists,  etc.,  on  which  the  lower  Devonian  of  the  area  rests,  changed 
by  contact  metaraorphism.  He  adduces  arguments  in  favor  of 
this  view,  and  shows  by  chemical  equations  how,  for  example,  a 
biotite-  muscovite-quartz  schist,  by  a  simple  exchange  of  mole- 
cules, yields  a  rock  consisting  of  sanidine,  hypersthene,  corundum, 
and  cordierite.  Thus  by  simple  melting  and  recrystallization  many 
cases  could  be  explained  ;  and  to  this  origin,  aided  by  the  compo- 
nents of  the  alkaiic  magmas  and  their  contained  volatile  constitu- 
ents he  is  inclined  to  ascribe  the  other  ejected  masses  with  their 
varied  minerals.  The  work  is  illustrated  by  many  handsome 
half-tone  plates  of  microphotographs  explanatory  of  the  text. 

L.  V.  p. 

2.  British  and  Foreign  Building  Stones  ;  by  John  Watson. 
12°,  pp.  483.  Camb.  Press,  1911. — One-half  of  this  book,  as 
indicated  in  the  sub-title,  is  a  descriptive  catalojorue  of  the  rock 
specimens  in  the  Sedgwick  Museum  at  Cambridge.  The  first 
part  of  the  work  is,  however,  of  a  descriptive  nature.  The  writer 
first  considers  the  plutonic  igneous  rocks,  giving  a  general 
account  of  British  granites  and  their  occurrences,  and  from  this 
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passes  on  to  those  of  other  countries.  He  then  takes  np  the 
volcanic  rocks,  and  mentions  the  chief  types  of  porphyries, 
basalts,  etc.,  used  for  building  purposes  in  Europe.  The  sedi- 
mentary rocks  are  treated  in  groups,  according  to  the  geologic 
epoch  to  which  they  belong.  In  all  cases  the  observations  are 
based  especially  on  the  material  in  the  museum  mentioned.  The 
particular  value  of  the  work  is,  therefore,  strictly  local,  for  stu- 
dents in  connection  with  the  Cambridge  collection  ;  but  it  may 
occasionally  prove  of  service  as  a  book  of  reference  for  localities. 
For  its  particular  purpose  the  work  appears  well  executed. 

L.  V.  p. 

3.  Die  Kontaktmetamorphose  im  Kristianiagehiet ;  von  V. 
M.  GoLDSCHMiDT.  8°,  pp.  483,  Vidcuskap.  Skrift.  1.  Mat.  nat.  v. 
Kl.  1911,  No.  1. — It  would  be  a  natural  expectation  that  a  trea- 
tise on  some  phase  of  the  geology  of  the  Christiania  region  by 
one  of  Prof.  Brogger's  pupils  and  assistants,  and  under  his  gen- 
eral direction  and  advice,  would  be  a  notable  contribution  in  the 
particular  field  to  which  it  is  devoted.  This  expectation  is  fully 
realized  in  the  fine  volume  which  is  the  subject  of  this  notice,  for 
we  hardly  recall  any  work  on  the  subject  of  contact  metamorph- 
ism  which,  based  on  a  special  locality,  is  of  more  general  interest 
and  importance.  While  want  of  space  forbids  us  from  giving  it 
more  than  a  general  notice,  the  following  features  of  the  work 
may  be  mentioned: 

The  first  part  is  devoted  to  a  general  geological  description  of 
the  contacts,  those  of  the  middle  portion  of  the  region  being  the 
ones  especially  dealt  with.  After  a  general  introduction  a  num- 
ber of  contact  zones  are  described  in  full  detail,  and  in  this  part 
a  number  of  contact  ore  deposits  are  also  treated. 

The  second  part  is  given  to  the  results  of  the  petrographic 
study  of  the  contact  rocks,  and  is  enriched  with  a  large  number 
of  chemical  analyses,  which  afford  data  for  conclusions  regarding 
the  petrogenesis  of  the  different  types.  As  features  of  general 
interest  some  conclusions  of  the  writer  maybe  mentioned:  There 
is  no  evidence  of  stress,  of  dynamic  metamorphisra,  in  the  rocks  ; 
the  thickness  of  sedimentary  cover  was  1500  meters,  giving  a 
static  pressure  of  420  kilos  per  cm' ;  under  this  pressure  coarse 
granular  hornfelses  formed  in  the  inner  contact  zone.  The  meta- 
morphism  took  place  without  any  melting  of  the  sediments,  as 
shown  in  several  ways ;  and  the  author  is  inclined  to  think  with- 
out much  action  from  solutions,  or  gases.  The  action  in  the  main 
took  place  before  the  solidification  of  the  intruding  magma. 
The  temperature  of  the  inner  zone  was  between  1 1 00°  and  1 200°  C. ; 
in  the  outer  zone,  where  amphibole  occurs,  not  over  560°.  The 
author  here  points  out  that  the  use  of  quartz  as  a  geologic 
thermometer  is  not  justified  unless  we  know  something  in  regard 
to  the  pressure  involved,  for  the  inversion  point  between  quartz 
and  tridymite  must  be  greatly  raised  by  it.  The  writer  then 
takes  up  the  classification  of  the  rocks  and  goes  on  to  their  con- 
sideration   from  the  standpoint   of   modern   physical  chemistry. 

Am.  Jour.  Sci.-— Fourth  Series,  Vol.  XXXII,  No.  189.— September,  1911. 
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He  shows  that  Gibbs's  phase  rule  applies  to  these,  as  well  as  to 
igneous  rocks,  and  draws  some  interesting  conclusions,  which 
help  in  the  scheme  of  classification  adopted.  The  petrographical 
part  closes  with  a  description  of  the  various  types,  of  pneumato- 
lytic  varieties  and  of  ores,  etc. 

The  last  part  of  the  volume,  consisting  of  about  250  pages,  is 
devoted  to  a  careful  and  thorough  study  of  the  minerals  appear- 
ing in  the  contact  zone;  in  round  numbers  some  90  species  being 
considered.  These  are  treated  from  crystallographic,  chemical, 
optical,  and  genetic  standpoints,  the  whole  forming  a  notable 
contribution  to  mineralogy,  especially  of  the  region  under  con- 
sideration. In  conclusion,  it  may  be  remarked  that  this  work 
should  be  in  every  geological  reference  library,  and  will  repay 
reading  by  the  petrographer,  mineralogist  and  student  of  the 
genesis  of  ore  deposition.  l.  v.  p. 

4.  Grundzage  der  Paldontologie  {Paldozoologie)\  by  Kakl  A. 
VON  ZiTTBL.  Part  I,  Invertebrata  reworked  by  Ferdinand 
Broili;  pp.  607  and  1414  text-figures.  Part  IF,  Vertebrata  re- 
worked by  Ferdinand  Broili,  Ernest  Koken  and  Max  Schlosser; 
pp.  698  and  749  text-figures.  Munich  (R.  Oldenbourg),  1911. — 
This  well-known  German  text-book  of  Paleontology,  the  best  one 
on  the  subject,  has  been  thoroughly  revised  and  brought  up  to 
date.  The  first  edition  appeared  in  1 895  in  one  volume,  had  97 1 
pages  with  2048  text-figures  and  treated  about  6800  genera.  The 
present  book  in  two  volumes  represents  the  tliird  edition  of  the 
Invertebrata  and  the  second  edition  of  the  Vertebrata,  has  1205 
pages  with  2163  text-figures,  and  nearly  10,700  genera  are  dis- 
cussed or  classified.  The  first  volume  was  reviewed  in  the 
January  (1911)  number  of  this  Journal. 

The  fishes  are  revised  by  Professor  Koken  of  Ttlbingen,  and 
that  the  work  has  been  well  done  is  shown  in  the  fact  that  140 
pages  are  devoted  to  them.  Dr.  Broili  of  the  Alte  Akademie 
at  Munich  has  revised  the  Amphibia,  while  most  of  the  matter 
treating  of  the  Reptilia  he  has  rewritten.  Dr.  Schlosser,  also  of 
the  Alte  Akademie,  has  revised  the  birds,  and  in  good  part 
rewritten  the  mammals,  which  are  described  on  260  pages.  The 
classification  throughout  the  book  is  conservative,  and  yet 
progressive. 

No  paleontologist  can  work  without  the  book.  c.  s. 

II.     Miscellaneous  Scientific  Intelligence, 

1.  Lea  Sommes  des  Plumes  Puissances  Distinctes  Egales 
d  une  Pi^rne  Puissances  ;  by  Edouard  Barbette.  Pp.  153. 
Paris  (Gauthier-Villars).— This  treatise,  as  indicated  by  the  title, 
discusses  a  generalization  of  Fermat's  theorem,  viz.,  the  determi- 
nation of  the  necessary  and  sufficient  conditions  for  a  sum  of  dis- 
tinct p\}x  powers  to  be  equal  to  a  /?th  power,  p  being  any  integer. 
The  main  topic  suggests  three  subsidiary  problems  formulated  by 
the  author  as  follows  : 
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Problem  I:  The  sums  of  distinct  pth  powers  of  which  the 
greatest  is  ojp,  equal  to  a  j^th  power. 

Problem  II:  The  sums  of  distioct  pth  powers  equal  to  a  given 
pth  power. 

Problem  III:  The  sums  of  consecutive  />th  powers  equal  to 
a  jt>th  power. 

Several  other  topics  closely  allied  to  the  above  are  also  consid- 
ered. The  work  as  a  whole  is  divided  into  four  parts,  preceded 
by  a  short  introduction. 

In  Part  I  the  casejo=l  is  considered,  the  problem  here  reduc- 
ing to  a  treatment  of  sums  of  integers.  The  latter  half  of  this 
section  contains  a  comprehensive  discussion  of  prime  and  com- 
posite numbers,  a  number  of  methods  being  given  for  determin- 
ing that  a  given  integer  is  or  is  not  a  prime,  together  with  the 
means,  in  the  latter  case,  of  resolving  it  into  factors. 

Part  II  treats  the  case  of  squares  :  three  necessary  and  suffi- 
cient conditions  that  a  sum  of  squares  shall  be  a  square  are  ob- 
tained. There  are  also  several  special  topics,  such  as  methods  of 
solving  the  equation  y'  +  2'  =  aj',  and  identities  relating  to  sums 
of  squares. 

The  case,  ;t>>  3,  is  contained  in  Part  III,  where  a  generalization 
of  the  conditions  of  Part  II  are  given.  These  are  worked  out  in 
detail  for  />  =  3,  4,  5,  6,  7,  and  8.  The  work  closes  with  a  short 
chapter  on  polygonal  numbers. 

The  whole  treatment  is  most  freely  illustrated  by  examples 
making  clear  the  methods  of  application  of  the  various  principles. 
In  this  connection  it  may  not  be  amiss  to  mention  the  tables, 
which  comprise  the  first  5,000  triangular  numbers,  the  primes  up 
to  10,000  and  the  powers  and  sums  of  powers  up  to  the  sixth  of 
the  numbers  1 — 30.  Finally  it  should  be  remarked  that  the  work 
is  complete  in  itself,  a  feature  which  ought  to  commend  it  to 
readers.  w.  a.  w. 

2.  The  Grammar  of  Science  ;  by  Karl  Pearson.  Part  I. — 
Physical,  Third  Edition,  revised  and  enlarged.  Pp.  xx,  394. 
London,  1911  (Adam  and  Charles  Black). — The  first  edition  of 
the  present  work  appeared  in  1892  and  was  followed  by  a  second 
in  1 899.  The  time  which  has  elapsed  since  the  last  date  has  seen 
so  rapid  a  development  of  science  as  to  call  for  an  extension  of 
the  field  discussed  by  the  author,  and  while  the  present  volume 
deals  with  physical  ideas  and  phenomena,  a  second  is  to  follow 
having  to  do  with  living  forms.  The  latter  is  expected  to  appear 
in  the  course  of  the  present  year.  The  present  volume  is  thought- 
ful and  suggestive  and  the  every-day  physicist  accustomed  to 
assume  the  reality  of  matter  and  force,  of  the  ether,  the  law  of 
cause  and  effect  and  the  like,  will  find  his  ideas  challenged  and 
subjected  to  a  critical  philosophical  scrutiny  of  the  most  search- 
ing kind.  Thus,  for  example,  the  author  remarks  in  his  preface  : 
"  Beyond  such  discarded  fundamentals  as  *  matter '  and  ^  force ' 
lies  another  fetish  amidst  the  unscrutable  arena  of  even  modern 
science,  namely,  the  category  of  cause  and  effect." 
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3.  Marriage^  Totemism  and  Religion  :  An  Answer  to  Critics  ; 
by  the  Right  Hon.  Lord  Avbbury.  Pp.  ix,  243.  London 
and  New  York,  1911  (Longmans,  Green  and  Co.). — The  present 
volume  is  based  on  a  work  by  the  same  author  on  the  "  Origin  of 
Civilization  and  the  Primitive  Condition  of  Man."  This  was 
delivered  in  lectures  at  the  Royal  Institution  in  1868  and  pub- 
lished in  1870.  The  special  topics  here  discussed  deal  with  the 
absence  of  marriage  with  primitive  man,  its  origin  and  evolution  ; 
also  totemism,  witchcraft,  magic,  and  religion.  The  author  pre- 
sents his  views  clearly,  handling  with  vigor  the  criticisms  which 
have  been  offered  since  the  publication  of  his  first  work. 

4.  Smithsonian  Physical  Tables.  Fifth  revised  Edition; 
prepared  by  F.  E.  Fowlb.  (Publication  1944.)  Pp.  xxxiv,  318, 
with  335  tables  and  an  index.  Washington,  1910.  Smithsonian 
Misc.  Collections,  vol.  68,  No.  1.  Publication  1944. — This  is  a 
radical  revision  of  the  physical  tables  compiled  by  Prof.  Thomas 
Gray  in  1896,  embodying  recent  data  and  with  many  additions. 
There  are  now  four  independent  series  of  Smithsonian  tables 
occupying  independent  fields  ;  viz.,  meterological,  geographical, 
physical,  and  mathematical. 

5.  Bogal  Academy  of  Sciences  of  2\irin. — The  program  in 
regard  to  the  Vallauri  prizes  of  the  Royal  Turin  Academy 
announces  that  prizes  will  be  given  :  (1)  for  the  best  critical 
work  on  Latin  literature  appearing  between  Jan.  1,  1911,  and 
Dec.  31,  1914;  and  (2)  for  the  most  important  and  extensive 
work  in  the  physical  sciences  published  between  Jan.  1,  1915,^  and 
Dec.  31,  1918.  Each  prize  amounts  to  26,000  Italian  livres  ;  the 
awards  will  be  made  without  regard  to  nationality. 

6.  Catalogue  of  the  Lepidoptera  Phalmncie  in  the  British 
Museum.  Volume  x.  Plates  cxlviii-clxxii.  London,  1911. — 
This  volume,  continuing  the  excellent  plates  illustrating  the  Pha- 
seniB  of  the  British  Museum,  has  recently  appeared. 

7.  Bureau  of  American  Ethnology^  Smithsonian  Institu- 
tion.— Bulletin  43.  The  following  publications  have  recently 
appeared  :  Indian  Tribes  of  the  liower  Mississippi  Valley  and 
adjacent  Coast  of  the  Gulf  of  Mexico;  by  John  R.  Swanton. 
Pp.  vii,  387  ;  32  plates,  2  figures. 

Bulletin  50.  Preliminary  Report  on  a  Visit  to  the  Navajo 
National  Monument,  Arizona ;  by  Jessk  Walter  Fewkes.  Pp. 
vii,  35  ;  22  plates,  3  figures. 

8.  The  Sarawak  Museum  Journal.  Issued  by  the  Sarawak 
Museum  under  the  Authority  of  His  Highness  the  Rajah.  Vol.  I, 
No.  I.  Pp.  201.  Sarawak,  February,  1911. — This  first  number 
of  the  Journal  issued  by  the  Sarawak  Museum  contains,  in  addi- 
tion to  a  series  of  papers  on  ethnological  subjects,  three  others  on 
insects  and  also  a  list  of  Sarawak  minerals  by  J.  S.  Geikie. 

9.  Rhodesia  Museum.  Eighth  Annual  Report.  Pp.  36.  Bula- 
wayo,  1909. — This  report  is  accompanied  by  three  appendices  on 
the  gold-bearing  rocks,  the  minerals,  and  the  batrachians  and 
reptiles  of  Rhodesia. 
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84:  Eighth  Mineral  List:  A  descriptive  list  of  new  arrivals, 
rare  and  showy  minerals. 

85 :  Minerals  for  Sale  by  Weight:  Price  list  of  minerals  for 
blowpipe  and  laboratory  work. 

86:  Minerals  and  Rocks  for  Working  Collections:  List  of 
common  minerals  and  rocks  for  study  specimens;  prices 
from  i^  cents  up. 

Catalogue  26:  Biological  Supplies:  New  illustrated  price  list 
of  material  for  dissection ;  study  and  display  specimens; 
special  dissections;   models,  etc.     Sixth  edition. 

Any  or  all  of  the  above  lists  will  be  sent  free  on  request.  We  are 
constantly  acquiring  new  material  and  publishing  new  lists.  It  pays  to 
be  on  our  mailing  list. 


Ward's  Natural  Science  Establishment 

76-104  College  Ave.,  Roohesteb,  N.  Y. 

Ward's  Natural  Science  Establishment 
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URAL  MOUNTAINS. 


It  is  a  naoiber  of  years  since  any  dealer  in  America  has  had  snch  a  collection 
of  minerals  and  gem  crystals  as  I  have  just  received.  On  account  of  lack  of 
space  I  cannot  give  an  extensive  description,  but  will  state  that  the  collec- 
tion consists  of  rare  minerals,  gem  crystals  and  numerous  polished  speci- 
mens. Also  included  in  this  consignment  is  a  large  quantity  of  massive,  gem 
qnality  malachite,  suitable  for  cutting,  and  also  polished  specimens. 

In  the  same  shipment  I  received  a  large  assortment  of  malachite,  rhodo- 
nite, jasper  and  rare  marble  boxes.  Also  dishes,  trays,  cups  and  numerouB 
other  ornaments  of  all  the  well  known  stones  found  at  this  celebrated 
locality.  Also  a  unique  collection  of  ornaments  representing  peasant  art  of 
this  region  in  wood,  iron,  jasper,  quartz  and  jade. 


I  take  pleasure  in  announcing  that  the  large  collection  of  minerals  recently 
received  has  been  thoroughly  gone  over  and  properly  labelled  and  is  now 
ready  for  sale.  This  collection  consists  of  over  5,000  specimens  of  excellent 
quality,  some  of  them  from  old  finds,  and  almost  all  very  well  crystallized. 
Let  me  know  what  you  desire  and  I  shall  be  pleased  to  send  you  a  selection 
on  approval,  prepaid. 

INTERESTING  QUARTZ  CRYSTALS  FROM  A  NEW  FIND. 

I  have  just  received  several  hnndred  quartz  crystals  from  a  new  find  at 
Albuquerque,  New  Mexico.  These  crystals  are  of  a  rose  color,  unique  in 
form,  most  look  like  cubes  and  are  very  sharp.  Prices  from  10  cents  to  25 
cents  each.  No  collector  should  be  without  a  series  of  these  interesting 
crystals. 

ARE  YOU  INTERESTED  IN  GEMS? 

If  so,  you  will  find  my  stock  now  richer  than  ever  before  in  beautiful 
examples  suitable  both  for  jewelry  and  specimens.  Among  the  reconstructed 
gems  in  my  stock,  all  of  which  are  of  the  finest  quality,  I  will  mention  the 
following :  Rubies,  blue,  pink,  white  and  yellow  sapphire ;  and  an  unusually 
large  stock  of  common  and  rare  Semi-Precions  and  Precious  Stones,  both 
cut  and  in  the  rough.  I  am  able  to  supply  any  gem  desired,  in  best  quality 
and  all  sizes. 


Any  of  the  above  which  may  be  desired  for  selection  I  shall  be  glad  to 
send  on  approval  to  patrons  and  customers.  Information  and  prices  of  i'^di- 
vidual  specimens  cheerfully  furnished  upon  request. 


A.  H.  PETEREIT. 

81—83   Fulton   Street,   New  York  City. 
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Ap/r.  XXVII. — Recent  Stream  Trenching  in  the  Semi-arid 
Portion  of  Southivestern  New  Mexico^  a  Result  of  Removal 
of  Yegetation  Cover  ;*  by  John  Lyon  Rich. 

I 

*  A  CONSPICUOUS  development  of  recent  stream  trenches  in  the 

valleys  of  many  of  the  temporary  streams  of  the  western  states 
is  a  feature  of  such  widespread  and  common  occurrence  that  it 
cannot  be  assigned  to  accidental  causes,  but  calls  for  an  explana- 
tion which  shall  have  more  than  a  local  application.  This 
trenching  is  particularly  w^ell  developed  in  portions  of  south- 
western New  Mexico.  Here  it  is  apparently  an  effect  of  the 
I  removal  of  vegetation  cover   by  excessive  grazing.     A   brief 

I  description  of  the  nature  of  the  trenching  and  a  statement  of 

the  evidence  on  which  the  above  explanation  of  the  plieuom- 
j  enon  is  based  is  the  purpose  of  the  following  discussion. 

I  The  portion  of  New  Mexico  on  which  our  study  is  particu- 

!  larly  based  is  included  within  the  Silver  City  quadrangle  in 

I  the  southwestern  part  of  the  state.     The  quadrangle  may   be 

roughly  divided  into  two  physiographic  units,  a  mountainous 
portion   and   a   desert   plain  formed  by  the  accumulation  of 
^  gravels  derived  from  the  mountains.     Of  the  whole  area  of  the 

([uadrangle,  about  one-third  is  covered  by  these  desert  accumu- 
j  lations. 

!  The  climate  is  semi-arid,  with  an  average  rainfall   in  the 

i»  neighborhood  of  18  inches  in  the  mountainous  parts,  and  con- 

I  siderably  less  in  the  lower,  desert  portions.     The  precipitation 

i  •  comes  mostly  in  the  form  of  sliowers  during  the  hot  summer 

months,  from  about  the  middle  of  June  until  the  latter  part  of 
r  September.     General  rains  are  not  of  common  occurrence.     As 

I    ■  a  result  of  these  climatic,  conditions  there  are  no  permanent 

,  streams  in  the  area  outside  the  higher  mountains,  and  even  in 

*  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  190.— October,  1911. 
18 


Digitized  by  LjOOQIC 


238        f/.  Z.  Itich — Recent  Stream  Trenching  in  the 

the  mountains,  the  permanent  streams  are  of  small  consequence 
except  when  swollen  by  the  summer  rains. 

In  the  following  discussion  when  we  speak  of  streams  we 
woiild  be  understood  as  referring  to  the  temporary  streams 
which  carry  water  only  during,  or  immediately  after,  a  storm. 

A  conspicuous  feature  of  the  topography  of  the  Silver  City 
quadrangle,  outside  the  more  rugged  mountains,  is  a  pro- 
nounced stream  trenching  in  all  the  valleys;  a  trenching  of 
recent  date  which  is  evidently  still  in  progress.  Along  the 
steep-walled  mountain  gorges  this  feature  is,  of  course,  not  evi- 
dent, but  outside  of  the  higher  mountains  it  would  be  difBcult 

Fig.  1. 


Fig.  1.  View  showing  typical  features  along  the  course  of  the  Cane 
Sj)riiig  Canyon  stream  acro.^s  the  piedmont  fan.  The  photograph  shows 
recent  trench  in  the  foreground  cut  into  aUuvial  valley  filling,  piedmont 
gravels  in  the  middle  distance  along  the  sides  of  the  valley,  and  mountains 
at  source  of  the  stream  in  background.  Note  the  bowlders  and  flood  d^ris 
spread  out  over  tlie  surface  of  the  alluvial  flat. 

to  name  a  valley  in  which  it  is  not  conspicuous.  The  features 
shown  in  different  parts  of  the  quadrangle  are  so  similar  that  a 
description  of  one  of  the  most  typical  valleys  will  serve  as  a 
characterization  of  the  general  conditions  throughout  the  area, 
and  as  a  basis  for  a  discussion  of  the  causes  of  the  trenching. 
For  such  a  description  the  valley  called  Cane  Spring  Canyon, 
along  whieii  some  of  tiie  accompanying  photographs  were 
taken,  will  admirably  serve  our  purpose. 

'The  stream,  which  is  a  temporary  one,  flowing  onl  v  in  times  of 
flood,  heads  with  several  branches' in  a  region  of  rocky  hills  of 
moderate  height.     Within  the  hills  it  has  a  drainage  area  of 
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about'  seven  square  miles.  After  leaving  the  bills  tbe  stream 
flows  witb  an  average  slope  of  120  feet  per  mile  for  about  5 
miles  across  a  dissected  piedmont  gravel  accumulation  to  the 
Mangas,  a  larger  temporary  stream  which,  about  15  milet? 
below,  empties  into  the  Gila,  a  good-sized  permanent  stream. 

The  salient  features  of  the  Cane  Spring  valley  in  its  course 
across  the  piedmont  gravels  are  well  shown  in  the  accompany- 
ing photograph  (fig.  1).  There  are  fii*st  the  steep-sided  valley 
walls  of  partly  cemented  desert  conglomerate  from  50  to  150 
feet  high  ;  tlien,  forming  the  valley  floor,  comes  an  alluvial 
flat,  nearly  level  in  cross  section  ;  and  finally,  cutting  sharply 

Fio.  2. 


Fig.  2.  Recent  stream  trench  working  back  into  the  stiU  undisseoted  flat 
of  a  smaH  tributary  of  Cane  Spring  Canyon,  This  pictuie  was  taken  near 
the  site  of  fig.  1. 

into  the  material  of  this  flat,  is  the  recent  stream  trench  from 
50  to  200  feet  in  width  and  from  2  to  15  feet  in  depth,  and 
bcainded,  as  a  rule,  by  vertical  walls  of  alluvium. 

The  history  of  the  valley  as  revealed  by  its  cross  section  may 
be  briefly  summarized  as  follows :  The  valley  was  initiated  on 
the  surface  of  the  piedmont  desert  fan.  For  some  reason — 
an  uplift  of  the  land  or  a  change  in  climatic  conditions — the 
stream  began  cutting  through  the  fan.  This  cutting  continued 
until  a  valley  from  one-eighth  to  one-fourth  mile  in  width  and 
locally  over  150  feet  in  depth  had  been  formed.  Following 
this  period  of  cutting  came  one  of  filling,  during  which  the 
alluvial  flats  in  the  valley  were  formed.  Lastly,  the  streams 
began  cutting  again,  forming  the  trenches  whose  origin  we  are 
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seeking.  These  trenches  are  still  working  their  way  up  the 
tributary  valleys  by  headwater  recession  and  sapping.  This  is 
well  illustrated  by  fig.  2,  which  shows  the  trench  working  back 
into  the  still  undissected  flat  of  a  small  tributary. 

The  alluvial  flats  are  conriposed  of  tine  sandy  loam  and 
gravel.  The  latter  occurs  in  the  form  of  irregular  lenses  inter- 
spersed through  the  loam.  Its  component  pebbles  range  in 
size  up  to  5,  6,  or  8  inches  in  diameter,  but  seldom  larger,  and 
even  these  sizes  are  uncommon.  Two  or  three  inches  in 
diameter  would  represent  a  fair  average  for  the  coarser  gravel. 
From  this  there  is  every  gradation  down  to  tine  sand.  The 
stratification  is  indistinct,  but  may  usually  be  made  out.  In 
characteristic  exposure  the  material  stands  up  in  vertical  bluffs. 
From  its  general  make-up  and  composition  there  can  be  no 
doubt  that  it  is  a  stream  deposit  of  the  type  formed  by  aggrad- 
ing temporary  streams. 

Fairly  uniform  conditions  of  deposition  are  shown  by  the 
nature  of  the  sediment.  That  heavy  floods  were  not  common 
during  the  time  of  deposition  is  indicated  by  the  lack  of  heavy 
bowlders  in  the  deposit.  The  valley  tilling  is  not  an  ordinary 
flood  plain  such  as  may  be  formed  along  permanent  streams, 
for,  in  the  first  place,  the  slope  of  the  valley  bottom,  120  feet 
per  mile,  is  too  great  for  the  formation  of  a  flood  plain  so  wide 
and  flat  as  the  one  we  are  considering;  and  in  the  second 
place,  the  surface  of  the  flat  is  not  a  graded  slope  along  the 
stream  course.  Alluvial  fans  from  the  valley  sides  form  an 
integral  part  of  the  valley  filling.  Their  prominence,  and  their 
effect  in  breaking  the  normal  valley  profile,  indicate  that  a 
large  proportion  of  the  tilling  came  from  the  sides  down  the 
short  steep  tributaries  rather  than  down  the  main  valley. 

On  the  whole,  then,  the  character  of  the  valley  filling  indi- 
cates accumulation  under  conditions  such  that  there  was  no 
permanent  stream  in  the  main  valley,  and  such  that  accumula- 
tions from  the  sides  were  as  important  as  those  from  the  main 
stream.  These  conditions  would  be  realized  under  an  arid  or 
semi-arid  climate  during  the  time  of  filling. 

In  the  bottoms  of  the  trenches  and  sometimes  spread  out 
over  the  surface  of  the  flats  al)ove,  there  is  coarse  stream 
gravel  with  bowlders  ranging  up  to  two  feet  in  diameter,  and 
much  of  it  evidently  of  very  recent  deposition.  This  coarse 
material  presents  a  marked  and  significant  contrast  to  the  fine 
textured  alluvial  valley  filling  revealed  in  the  side  walls  of  the 
trenches.  The  significance  lies  in  the  fact  that  its  transporta- 
tion must  have  re([uired  a  volume  of  water  much  greater  than 
that  of  the  finer  alluvial  material  on  which  it  rests.  Its  pres- 
ence overlying  the  finer  material  and  the  fact  that  it  is  asso- 
ciated   with  flood  debris  in  such  a   manner  as   to   prove  its 
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deposition  within  a  very  few  years  at  most,  clearly  indicates 
that,  in  recent  times,  the  maximum  volume  of  water  coming 
down  the  valley  in  times  of  flood  has  been  greater  than  while 
the  alluvium  was  accumulating. 

On  the  basis  of  such  evidence  of  the  increased  volume  of 
flood  waters,  we  are  justifled  in  suspecting  that  the  waters  of 
these-  floods  may  have  been  responsible  JFor  the  cutting  of  the 
stream  trenches  in  cjuestion.  In  an  endeavor  to  explain  the 
trenching  it  is,  therefore,  necessary  to  look  for  the  cause  of  the 
increased  volume  of  the  flood  waters. 

Such  an  increase  may  be  the  result  of  one  or  the  other  of 
two  conditions  or  a  combination  of  both.  These  conditions 
are :  either  an  increase  in  the  amount  of  water  by  increased 
precipitation,  or  a  more  rapid  run-off  with  no  increase  in  pre- 
cipitation. An  analysis  of  the  results  of  each  of  these  two 
conditions  taken  separately  may  serve  to  indicate  which  is 
most  probably  the  responsible  one  in  the  case  at  hand. 

Taking  fii-st  the  condition  of  increased  precipitation,  we  will 
start  with  a  semi-arid  climate,  such  that  rhe  streams  are  not 
permanent  and  are  silting  up  their  valleys — in  other  words, 
with  conditions  as  we  conceive  them  to  have  been  at  the  time 
of  the  formation  of  the  valley  fill  of  Cane  Spring  Canyon  and 
other  valleys  of  the  region.  There  would  undoubtedly  be 
some  vegetation  which  might  serve  as  a  fairly  efficient  cover 
and  constitute  an  important  factor  in  the  absence  of  heavy 
floods.  With  an  increase  in  precipitation  we  should  expect 
the  vegetation  to  become  more  luxuriant  and  more  effective  as 
a  protective  covering ;  in  this  way  perhaps  equaling  or  over- 
balancing the  tendency  of  the  stream  toward  cutting,  resulting 
from  the  increased  volume  of  water.  Even  though  the  storms 
became  heavier,  the  run-off  wonld  be  slower,  so  that  it  is  likely 
that,  until  the  time  that  the  precipitation  became  so  great  that 
the  streams  became  permanent,  there  would  be  little,  if  any, 
increased  tendency  toward  cutting. 

Considering  next  the  second  factor;  if  we  have  a  semi-arid 
climate  favorable  to  the  formation  of  a  fairly  efficient  vegeta- 
tion cover,  and  the  balance  between  erosion  and  deposition  is 
so  adjusted  that  the  streams  are  silting  up  with  tine  material ; 
with  considerable  rainfall  at  certain  times  of  the  year,  pre- 
vented, however,  by  the  vegetation  cover  from  forming  heavy 
floods,  and  if  by  some  means  we  remove  the  vegetation  cover 
without  changing  the  amount  or  distribution  of  the  rainfall, 
marked  results  of  a  different  nature  will  follow.  The  rain, 
still  as  heavy  as  before,  will  fall  on  a  bare  surface  unprotected 
by  vegetation  and  with  little  capacity  to  hold  in  reserve  the 
excess  precipitation.  A  rapid  run-off  in  the  form  of  floods 
must  result.     These  floads,  rushing  down  the  valleys,  will  have 
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power  to  cut  where  before  deposition  was  in  progress.  Good 
sized  bowlders  will  be  carried  down  and  strewn  along  the 
stream  courses  and  over  the  flats.  The  result  of  such  floods 
would  be  manifest  in  the  trenching  of  the  valley  bottoms  and 
the  spreading  out  over  the  flats  of  bowlders  larger  than  those 
in  the  valley  fill  itself.  They  would  produce  conditions  exactly 
the  same  as  those  we  have  described  as  characteristic  of  the 
valleys  of  the  Silver  City  quadrangle. 

Having  been  led  to  the  belief  that  a  removal  of  the  vegeta- 
tion cover  would  be  competent  to  cause  stream  trenching,  it 
becomes  pertinent  that  we  inquire  whether  tliere  is  evidence 
of  such  a  removal  of  cover  in  the  region  under  discussion. 
The  answer  is  in  the  aflirmative. 

An  efficient  cause  for  the  removal  of  such  a  vegetation 
cover  is  the  excessive  grazing  to  which  the  country  has  been 
subjected  during  the  past  few  years.  A  good  account  of  the 
former  conditions  of  the  region  was  given  me  by  Mr.  Mac- 
Millan,  a  rancher  living  in  the  Mangas  valley,  who  has  been  a 
resident  of  the  region  since  187*).  His  statement  of  the  early 
conditions  is  substantiated  by  that  of  all  the  old  residents  of 
the  neighborhood  with  whom  I  had  occasion  to  talk.  Accord- 
ing to  him  there  was  formerly  much  more  timber  than  at  present 
along  the  Mangas  valley  and  on  the  piedmont  desert  fans,  but 
probably  never  enough  to  modify  materially  the  run-off  of  the 
water.  More  important  than  the  timber,  there  was,  along  the 
valley  bottoms,  as  well  as  on  the  hills  and  desert  fans,  a  thick 
carpet  of  grass.  This  is  reported  to  have  been  about  knee 
high  and  quite  thick.  Along  the  valley  bottoms  it  was  thick 
enough  to  be  cut  for  hay  by  the  ranchers. 

8uch  were  the  conditions  in  places  where  now  scarcely  a 
spear  of  grass  can  be  found.  The  cattle,  often  forced  to 
extremes  of  hunger  so  great  that,  sometimes,  in  a  single  season, 
as  during  the  past  3'ear,  they  die  by  the  hundreds  of  starva- 
tion alone,  have  kept  the  grass  eaten  so  closely  that  there  has 
been  little  opportunity  for  natural  maturing  and  seeding,  with 
the  result  that  not  only  has  the  grass  been  kept  closely  cropped, 
but  it  has  been  to  a  large  extent  exterminated.  The  Vegetation 
cover  has  been  reduced  from  one  of  relatively  high  efficiency 
to  almost  nothing. 

Coincident  with  the  removal  of  the  vegetation  has  come  an 
increase  in  the  violence  of  the  floods.  In  the  early  days, 
according  to  MacMillan  and  others,  heavy  floods  were  rare. 
The  storms  were  just  as  severe  as  now,  but  the  run-off  was 
slower.  For  instance,  when  a  heavy  storm  occurred  in  the 
Burro  Mountains,  at  the  head  waters  of  the  Mangas,  the  water 
would  continue  to  come  down  the  valley  for  two  or  three  days, 
w^iereas  now  it  all  comes  at  once  in  a  single  flood.     When 
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overstocking  had  reduced  the  vegetation  cover  tlie  first  floods 
began  to  come,  and  have  been  coming  witli  increased  fre- 
qnency  and  violence  every  year  since. 

Having  found  from  an  inductive  study  that  the  trenching 
and  other  conditions  of  the  valleys  might  be  explained  by  a 
removal  of  vegetation  cover,  and  having  found  from  the  his- 

FiG.  3. 


Fig.  3.     Typical  receDt  stream  trench  in  the  Manga^  vaUey.     Note  the  flat 
aUnvial  vaUey  fiUing  in  which  the  trench  is  cut. 

Fig.  4. 


Fig.    4.     Another  view  showing  characteristic    recent  stream    trenching. 
This  is  near  the  head  of  a  small  valley,  but  the  trench  is  well  developed. 
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torical  evidence  that  such  a  reduction  has  actually  taken  place, 
with  an  accompaniment  of  increased  floods,  we  may  further 
test  the  theory  by  inquirinp^  whether  the  formation  of  the 
trenches  corresponds  in  time  with  the  removal  of  the  vegeta- 
tion. On  this  point  the  testimony  of  the  settlers  is  unanimous 
that,  in  the  early  days,  there  were  few,  if  any,  trenches  in  the 
valley  bottoms,  and  that  trenching  has  followed  the  appear- 
ance of  the  heavy  floods.  The  deep  trenches  in  the  Mangas, 
one  of  which  is  sliown  in  the  photograph  (tig.  3),  have  practi- 
cally all  been  formed  within  the  past  20  or  80  years,  and  are 
still  deepening.  The  town  of  Silver  City  is  built  partly  on  an 
alluvial  flat,  such  as  those  we  have  described.  Running  through 
the  town  is  a  trench  or  gulley  cut  through  the  alluvial  valley 
filling  to  a  depth  of  at  least  20  feet  and  with  a  width  of  about 
100  feet.  A  little  over  15  years  ago  the  site  of  this  trench 
was  one  of  the  main  streets  of  the  town.  During  a  severe 
storm  the  street  was  partly  washed  out  and  the  trench  begun. 
This  trench  has  been  cut  deeper  every  year  until  the  present 
condition  has  been  reached. 

From  physiographic  evidence  of  this  sort,  and  from  the  tes- 
timony of  the  early  settlers,  there  is  good  proof  that  the  trench- 
ing is  of  recent  date,  corresponding  in  time  with  the  removal 
of  the  grass  by  too  close  pasturing. 

Our  own  observations,  in  so  far  as  we  had  opportunity  to 
make  them  in  the  short  space  of  one  summer,  bear  out  the 
statements  of  Mr.  MacMillan  and  others  as  to  the  normal  vege- 
tation conditions.  In  certain  portions  of  the  Silver  City  quad- 
rangle, which  were  so  far  removed  from  water  that  the  cattle 
seldom  visited  them,  w'e  found  a  fairly  good  cover  of  grass. 
These  portions  were  on  rocky  hills  of  Java,  never,  at  the  best, 
fitted  to  maintain  a  great  amount  of  vegetation,  so  that  in  the 
more  fertile  valley  bottoms  and  on  the  gravel  plains  one  would 
expect  a  good  growth  of  grass.  Within  the  Fort  Bayard  mili- 
tary reservation  there  is  a  tract  of  land  which  has  been  kept 
fenced  for  several  years,  and  has  been  subjected  to  very  slight 
grazing.  Within  this  area  the  grass  grows  thick  and  often 
knee  high.  There  can  be  no  doubt  that  this  grass  as  a  cover- 
ing is  efficient,  both  in  preventing  a  rapid  run-off,  and,  on 
account  of  the  sod  which  is  formed,  directly  hindering  stream 
cutting.  Mr.  MacMillan  reports  that  in  a  watershed  which  he 
has  kept  fenced  for  several  years  and  has  not  allowed  to  be 
closely  pastured,  the  stream  trenches  which  had  begun  to  form 
before  the  fencing  are  gradually  filling  up. 

The  conspicuous  nature  of  the  physiographic  results  of  over- 
stocking of  a  region,  and  the  rapidity  with  which  they  are 
brought  about  are  surprising,  and  afford  a  striking  illustration 
of  the  influence  of  man  on  geologic  processes.     If  the  grazing 


Digitized  by  LjOOQIC 


Semi-arid  Portion  of  Southwestern  New  Mexico,      245 

of  a  region  for  a  period  of  40  years,  more  or  less,  has  produced 
so  great  results,  it  requires  no  great  stretch  of  the  imagination 
to  picture  the  conditions  in  this  section  a  few  centuries  hence 
if  the  same  processes  continue,  as  there  is  every  reason  to 
believe  they  will. 

It  is  not  alone  within  the  area  of  the  Silver  City  quadrangle 
that  stream  trenching  is  a  conspicuous  feature,  for  it  is  com- 
mon in  many  parts  of  the  west.  In  traveling  through  the 
states  of  New  Mexico,  Colorado  and  Wyoming,  one  finds  that 
this  trenched  condition  is  widespread.  The  recency  of  the 
trenching  is  indicated  by  the  fact  tliat  it  is  still  in  progress,  and 
the  gulleys  are  still  working  back  towards  the  heads  of  the 
smaller  tributaries. 

In  making  a  wider  application  of  the  principles  of  stream 
trenching  which  we  have  outlined,  it  is  evident  that,  since  the 
trenching  is  the  result  of  tlie  removal  of  vegetation  cover,  we 
will  be  likely  to  find  it  only  in  those  regions  whose  normal 
climate  is  such  that  the  normal  vegetation  would  be  luxuriant 
enough  to  become  an  important  factor  in  the  conservation  of 
the  rainfall,  and  in  the  protection  of  the  valley  bottoms  from 
direct  erosion.  In  such  regions  the  overstocking,  to  which  the 
west  has  been  subjected,  will  have  so  reduced  the  cover  as  to 
cause  increased  floods  with  accompanying  stream  trenching. 
In  regions  normally  too  arid  for  the  formation  of  an  efficient 
vegetation  cover  the  trenching  should  not  be  apparent. 

Within  the  area  of  the  Silver  City  quadrangle  alone  there  is 
some  evidence  bearing  on  this  point.  The  extreme  southeast- 
ern corner  of  the  sheet  is  lower  and  much  more  arid  than  the 
rest  of  the  area,  and  it  was  noted  that  here  the  trenching  is  not 
so  well  developed  as  in  the  portions  of  the  quadrangle  which 
receive  a  greater  precipitation.  In  order  to  thorouglily  test 
the  principle,  comparison  should  be  made  between  portions  of 
the  state,  or  of  other  states,  which  have  climatic  conditions 
similar  to  those  of  the  Silver  City  region  and  other  portions 
where  climate  is  distinctly  more  arid,  as,  for  instance,  portions 
of  southern  New  Mexico  and  Arizona. 
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Art.  XXVIII. — On  the  Qualitative  Detection  of  Certain  Ele- 
ments ichich  foi^m  hisolnhle  Sulphates:  Barium^  Stron- 
tium^ (Calcium^)  and  Lead;  by  rniLip  E.  Browning  and 
Philip  L.  Blumenthal. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cczxiv.] 

In  the  ordinary  processes  of  qualitative  analysis  the  alkali 
earth  elements  are  usually  separated  by  ammonium  carbonate, 
after  hydrogen  sulphide  and  ammonium  hydroxide  have  been 
used  to  remove  the  greater  number  of  the  bases.  It  has  long 
been  observed  by  those  employing  these  processes  that  a  con- 
siderable part  of  the  alkali  earth,  especially  barium  and  stron- 
tium, fails  to  appear  when  the  ammonium  carbonate  is  added. 
The  reasons  given  for  this  loss  have  been  the  oxidation  of 
hydrogen  sulphide  or  other  sulphides  to  sulphates  and  the  con- 
sequent precipitation  of  the  alkali  earth  sulphates,  the  forma- 
tion in  alkaline  solution  of  carbonates  and  the  consequent 
precipitation  of  the  carbonates,  and  the  tendency  of  the  large 
amounts  of  ammonium  salts  which  collect  during  the  analysis 
to  interfere  with  the  precipitation  of  the  alkali  earth  carbonates 
by  ammonium  carbonate.  Various  precautions  have  been  sug- 
gested to  avoid  these  sources  of  error,  such  as  the  prompt 
removal  of  the  excess  of  hydrogen  sulphide  by  boiling,  the 
use  of  freshly  prepared  hydroxides  free  from  carbonate,  and 
the  removal  of  the  annnonium  salts  by  ignition  before  attempt- 
ing to  precipitate  the  alkali  earth  carbonates. 

The  work  to  be  described  in  this  paper  was  undertaken  to 
study,  iirst,  the  effect  of  a  direct  precipitation  of  the  insoluble 
alkali  earth  sulphates,  after  the  removal  of  the  mercury  in  the 
mercurous  condition,  silver,  and  the  proportion  of  lead  which 
may  be  precipitated  by  hydrochloric  acid  ;  and,  second,  the 
action  of  ignition  with  carbon  upon  these  sulphates.  For  the 
work  solutions  were  prepared  containing  to  each  cubic  centi- 
meter one  milligram  reckoned  as  the  element. 

Preliminary  experiments  showed  that  in  a  volume  of  10*^"*', 
l"*  of  Sr,  0*5"'»  of  Pb,  and  0'1"^k  of  Ba  gave  distinct  precipi- 
tates when  treated  with  a  few  drops  of  dilute  sulphuric  acid 
and  allowed  to  stand  a  few  minutes,  and  10'"^  of  Ca  gave  a 
precipitate  on  standing  over  night. 

The  action  of  ammonium  acetate  upon  the  sulphates  of 
barium  and  lead  was  tried  as  follows :  Two  solutions  contain- 
ing 0*1  grm.  of  Pb  and  4  grm.  of  ammonium  acetate  in  10'"'' 
of  water  gave  no  precipitate  when  a  slight  excess  of  sulpliuric 
acid  was  added.  On  addition  of  more  sulphuric  acid  the  lead 
sulphate   tended    to    precipitate.      When  ammonium  sulphate 
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was  substituted  for  the  sulphuric  acid  no  precipitation  took 
place  even  in  the  presence  of  an  a1)undant  excess  of  that 
reagent.  To  test  the  delicacy  of  the  barium  precipitation 
under  these  conditions  l""*  of  Ba  was  added  to  a  clear  solution 
containing  O'l  grni,  of  Pb,  4  grm.  of  ammonium  acetate,  and 
1  grm.  of  ammonium  sulphate  in  lO*^"""  of  water.  The  barium 
snlphate  was  precipitated  at  once.  It  is  evident  from  these 
experiments  that  barium  sulphate  in  small  amounts  may  be 
precipitated  in  tlie  presence  of  lead  salts  by  insuring  the  pres- 
ence of  a  sufficient  amount  of  ammonium  acetate,  and  that 
ammonium  sulphate  is  to  be  preferred  as  the  precipitant. 

In  a  previous  paper  from  tnis  laboratory*  we  have  discussed 
the  application  of  fusion  with  carbon  to  the  reduction  of  the 
difficultly  soluble  double  sulphates  of  the  cerium  earths  with 
the  alkali  sulphates,  and  mentioned  the  fact  that  this  fusion 
process  had  been  used  for  the  preparation  of  soluble  barium 
and  strontium  salts  from  barite  and  celestite.  It  is  now  our 
purpose  to  show  the  application  of  this  process  to  the  detection 
of  the  alkali  earths  when  present  as  the  sulphates. 

Several  solutions  containing  0'5™^  of  Ba  were  treated  with 
sulphuric  acid,  the  barium  sulphate  after  filtration  was  treated 
directly  on  the  filter  paper  witli  a  little  pure  sugar  carbon,  and 
the  paper  containing  the  sulphate  and  carbon  inserted  in  a 
closed  glass  tube  and  heated  to  full  redness  for  a  few  minutes. 
After  the  ignition  the  mass  was  extracted  by  boiling  with  a  little 
hydrochloric  acid,  and  after  filtration  the  extract  was  treated 
with  sulphuric  acid.  In  every  case  tlie  precipitate  was  distinct, 
although  in  a  few  instances  faint.  Comparative  tests  were 
made  by  putting  equal  amounts  of  barium  sulphate  through 
the  treatment  just  described,  and  through  the  well-known 
fusion  process  with  sodium  carbonate  (fusing,  washing  with 
water,  and  dissolving  the  carbonates  in  hydrochloric  acid),  with 
possibly  a  little  advantage  in  the  carbonate  process  so  far  as 
concerns  the  amount  of  barium  shown,  but  scarcely  enough 
advantage  to  balance  the  saving  of  time  in  the  employment  of 
the  carbon  ignition  method. 

As  the  outcome  of  this  work  the  following  method  is 
suggested. 

About  lO'^'"*  of  a  solution  which  may  contain  mercury  in  the 
mercurous  condition,  silver,  lead,  barium,  strontium,  and  cal- 
cium, besides  other  elements,  is  treated  with  hydrochloric  acid 
in  faint  excess  and  the  precipitated  chlorides  are  filtered  off. 
To  the  filtrate  are  added  about  5  grm.  of  ammonium  acetate 
and  a  10  per  cent  solution  of  ammonium  sulphate  to  complete 
precipitation.  After  gentle  warming,  the  alkali  earth  sulphates 
are  filtered  off  and  washed  with  a  saturated  solution  of  ammo- 
*  This  Journal,  xxxii,  164. 
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ninm  acetate  until  the  washings  give  no  test  for  lead  by  hydro- 
gen sulphide.  The  filtrate  and  washings  are  reserved  for 
treatment  by  the  ordinary  coui*se  of  analysis.  To  the  precipi- 
tated sulphates  on  the  paper  a  small  amount  of  pure  sugar 
carbon  is  added,  the  paper  is  rolled  up,  and  the  mass  placed 
either  in  a  porcelain  crucible  with  a  cover  or  in  a  closed  glass 
tube,  and  heated  to  full  redness  for  a  few  minutes.  The  fused 
mass  is  treated  with  about  5*^"'  of  50  per  cent  acetic  acid  and 
warmed,  when,  if  the  alkali  earth  elements  are  present,  an  odor 
of  hydrogen  sulphide  will  generally  be  evident.  The  extract 
is  thrown  iU>on  a  filter  and  the  residue  washed  with  about  5^™' 
of  water.  The  filtrate  containing  acid  and  water  is  treated  with 
a  few  drops  of  a  solution  of  potassium  chroraate  to  test  for 
barium.  The  barium  chromate  is  removed  by  filtration,  and 
the  filtrate  boiled  with  sodium  carbonate  to  precipitate  stron- 
tium and  calcium  as  the  carbonates.  If  the  precipitate  of  the 
carbonates  is  very  small,  it  may  be  dissolved  in  hydrochloric 
acid  and  tested  spectroscopically.  If,  however,  it  is  not  too 
minute  in  quantity,  it  should  be  dissolved  in  nitric  acid  after 
careful  washing,  and  the  strontium  and  calcium  separated  by 
dehydration  with  amyl  alcohol. 

Tlie  results  follow  in  the  table.  All  tests  for  strontium  and 
calcium  were  confirmed  by  the  spectroscope,  and  in  (4)  and  (5) 
strontium  was  found  by  the  spectroscopic  test. 

Pb  preBent   Ba  present   Sr  present   Ca  present 


grin. 

grm. 

grm. 

grm. 

(1) 

0-0500 

0-0500 

00500 

0-0500 

Good  tests  for  all. 

(2) 

00250 

0-0250 

00250 

00250 

Good  tests  for  Pb,  Ba, 
and  Sr.     Ca  faint. 

(3) 

00100 

00100 

0-0100 

00100 

Pb  and  Ba  good.  Srfair. 
Ca  doubtful. 

(4) 

0-0050 

0-0050 

0-0050 

0-0050 

Pb  and  Ba  good.   Sr  fair. 

(5) 

0-0010 

00010 

00010 

0-0010 

Pb  good.  Btt  fair.  Sr 
faint. 

(6) 

0-1000 

0-0050 

-  -  _  - 

-  -  -- 

Pb  and  Ba  good. 

(7) 

0-1000 

00010 





Pb  good.     Ba  faint. 

From  tliese  results  it  would  appear  that  these  tests  proposed 
for  barium  and  strontium,  effective  to  at  least  a  milligram  of 
each  element,  may  with  advantage  precede  the  group  precipi- 
tation by  hydrogen  sulphide  in  the  ordinary  course  of  quali- 
tative analysis. 

June,  1911 
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Art.  XXIX. — A  Modified  Procedure  for  the  Detection  o^ 
Silicates^   Fluorides^   and  Fluosilicates ;    by   Philip 
Browning. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — ecxxv.] 

The  method  for  the  detection  of  silica  depending  upon  the 
formation  of  the  insoluble  skeleton  of  silica  in  the  metaphos- 
phate  bead  is  not  always  satisfactory  in  the  hands  of  the  aver- 
age student,  and  the  method  which  depends  upon  the  observa- 
tion of  the  jelly  of  silicic  acid  on  evaporation  with  hydrochloric 
or  nitric  acid  is  of  course  available  only  when  the  silicate  is 
decomposed  by  those  acids. 

The  formation  of  silicon  fluoride  by  tlie  action  of  hydro- 
fluoric acid  or  a  fluoride  and  sulphuric  acid  upon  a  silicate  is 
often  applied  to  the  detection  of  silica,  since  the  silicon  fluoride 
when  acted  upon  by  water  gives  a  white  precipitate  of  silicic 
acid.  The  usual  procedure  in  making  this  test  is  to  allow  the 
gas  to  come  in  contact  with  a  moistened  glass  rod,  but  the  con- 
densation of  steam  or  sulphuric  acid  on  the  rod  often  makes 
the  results  uncertain. 

The  work  to  be  described  was  undertaken  to  devise  if 
possible  a  method  by  means  of  which  the  reaction  could  be 
made  more  delicate  and  trustworthy.  It  was  found  that  when 
moistened  black  paper  was  brought  in  contact  with  the  fumes 
of  silicon  fluoride  the  deposit  of  silicic  acid  was  very  easily 
detected.     Accordingly  the  following  method  was  tried. 

A  small  lead  cup  about  one  centimeter  in  diameter  and 
depth  was  made  by  running  the  melted  metal  into  a  mould, 
and  a  flat  piece  of  lead  with  a  small  hole  in  the  center  was 
used  as  a  cover.  Into  this  cup  a  small  amount  of  finely 
powdered  calcium  fluoride,  generally  about  O'l  grin.,  was  placed 
together  with  the  silicate,  and  the  mixture  covered  with  a  few 
drops  of  concentrated  sulphuric  acid,  added  by  means  of  a 
medicine  dropper  or  fountain-pen  filler.  Upon  the  upper  side 
of  the  cover  a  piece  of  moistened  black  filter  paper  was  placed 
and  upon  this  a  small  moistened  pad  of  ordinary  filter  paper 
was  laid  to  keep  the  black  paper  moist  during  a  heating  of 
about  ten  minutes  upon  a  steam  bath.  At  the  conclusion  of 
the  heating  a  white  deposit  was  found  on  the  underside  of  the 
black  paper  over  the  opening  in  the  cover,  if  silica  was  present 
in  appreciable  amount. 

Talbot*  has  shown  that  very  small  amounts  of  fluorides  may 
be  detected  by  the  etching  test.  The  converse  of  the  method 
just  described  for  the  detection  of  silicates  was  applied  to  the 
detection  of  fluorides,  and  while  extreme  delicacy  cannot  be 
claimed,  the  results  are  fairly  satisfactory  when  a  milligram  of 
fluorine  is  present. 

*  J.  Amer.  Chem.  Soc,  xxviii,  1437. 
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The  detection  of  fluosilicates  by  this  method  is  of  course 
even  sinapler  than  tliat  of  either  the  fluorides  or  the  silicates. 
The  results  follow  in  the  tables  : 

I 

Silicon  Tests, 

Name  and  amonnt  Approxi-  CaFi 

of  silicate  used  mate  present 

grm.  %  of  SiOa  grm.  Result 

(1)  0-1000  SiO, 100  none  nothing 

(2)  01000      "     "  0-1000         very  good 

(8)     0-0100      "     "  "  very  good 

(4)  0-0050      "     "  "  very  good 

(5)  0-0010      "     "  "  trace 

(6)  00100  Kaolinite 46  "  verv  good 

(7)  0  0050          "         "  "  verv  good 

(8)  0-0010          "        "  "  ^  trace 

(9)  00100  Gadolinite 24  **  very  good 

(10)  0-0050          "           ..-.  "  "  trace 

(11)  0-0100  Lepidolite 50              0-2000  good 

11 

Fluorine  Tests. 

Nam©  and  amount  Approxi-  SiOa 

of  fluoride  used  mate  presekit 

grm.  %  of  F.  grm.  Result 

(1)  01000  CaF, 49  none  nothing 

(2)  0-0100       "     "  00500  very  good 

(3)  00050      "     "                    "  apparent 

(4)  0-0010      "     "                    *•  trace 

(5)  0-0100  Na^AlF^ 54                    "  very  good 

(6)  0-0050         "        "                    "  distinct 

III 

Fluosllicate  Tests. 

Na-iSiFe  present 

grm.  Result 

(1)  0-0050 very  good 

(2)  0-0010 very  good 

From  these  results  it  is  apparent  that  one  milligram  of 
silicon  or  fluorine  may  be  detected  by  the  method  described. 

AVhen  very  small  amounts  of  material  are  to  be  tested  it  is 
especially  desirable  to  have  the  material  very  finely  pulverized, 
and  the  delicacy  of  the  test  seems  to  be  also  somewhat 
furthered  by  warming  the  sulphuric  acid  before  adding  it  to  the 
mixture  of  the  fluoride  and  silicate.  When  fluosilicates  are  to 
be  examined  these  precautions  are  not  necessary,  as  the  reaction 
with  the  sulphuric  acid  takes  place  quite  readily  in  the  cold. 

July,  1911. 
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Art.  XXX. — Hinsdalite,  a  new  mineral ;  by  E.  S.  Larsen, 
Jr.,  and  W.  T.  Schaller. 

Introduction, 

The  new  mineral  here  described  was  collected  by  one  of  the 
authore  (£.  S.  L.)  in  the  summer  of  1910  while  engaged  in  the 
areal  mapping  of  the  geology  of  the  San  Cristobal  quadrangle, 
Colorado.  It  was  found  in  considerable  quantity  at  an  ele- 
vation of  about  9,950  feet,  on  one  of  the  dumps  of  the  Golden 
Fleece  Mine,  which  is  about  three  miles  south  of  Lake  City, 
Hinsdale  County,  Colorado.  The  name  hinsdalite,  proposed 
for  the  new  mineral,  is  derived  from  the  name  of  the  county  in 
which  it  is  found.  The  chemical  analysis  showed  hinsdalite  to 
be  a  hydrous  sulphate  and  phosphate  of  lead  and  aluminum 
with  a  little  strontium  replacing  the  lead.  It  is  therefore  the 
lead  analogue  of  svanbergite  or  the  aluminium  analogue  of 
corkite. 

Occurrence, 

(E.  S.  Lars  EN.) 

The  country  rock  of  the  mineral  occurrence  belongs  to  the 
Picayune  member  of  the  Silverton  Volcanic  Series  and  consists 
of  tuffs,  lava  flows,  and  intrusive  bodies  of  rhyoHte,  latite,  and 
andesite.  The  tunnel  of  the  mine  was  not  accessible,  but  judg- 
ing from  the  material  on  the  dump,  the  new  mineral  occurs  as  an 
original  component  of  a  vein  whose  chief  constituents,  in  the 
order  of  their  abundance,  are  quartz,  hinsdalite,  barite,  pyrite. 
galena,  tetrahedrite,  and  rhodochrosite.  The  vein  material 
contains  bands  of  almost  pure,  coarsely  granular  hinsdalite,  an 
inch  or  more  across.  These  bands  are  bordered  by  a  finely 
crystalline  aggregate  of  quartz  and  hinsdalite,  in  which  are 
imbedded  well-formed  crystals,  often  a  centimeter  across,  of 
the  new  mineral.  Beyond  the  tine  aggregate  is  nearly  ])ure, 
granular  quartz  or  quartz  and  barite.  The  galena  and  tetrahe- 
drite and,  to  some  extent,  the  pyrite,  are  concentrated  in  the 
quartz-hinsdalite  aggregate. 

Description  of  3lineraL 
(E.  S.  Larsen.) 

The  granular  hinsdalite  is  rather  coarsely  crystalline  and  the 
mineral  shows  a  strong  tendency  to  develop  crystal  faces. 
Some  of  the  larger  imbedded  crystals  are  rhombohedrons 
resembling  cubes,  with  a  perfect  cleavage  (basal)  truncating 
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one  corner.  The  crystal  faces  are  always  dull  and  roagli,  so 
that  accurate  measurements  were  impossible.  Several  crystals, 
however,  could  be  measured  with  a  contact  goniometer  and  gave 
for  the  angle  r  S  v'  the  values  :  91-0°,  91 -3^  91-2°,  91'7°, 
average  91'3°  or  91°  18'.  The  value  of  the  g  axis,  cotnputed 
frOm  this  average  angle,  is  1*2677.  Measurements  of  the  angle 
between  the  cleavage  and  the  adjacent  rhombohedron  varied 

Fig.  1. 


Fig.  1.     Basal  section  of  hinsdalite. 

from  56°  to  59°,  with  an  average  of  57°  18'.  The  calculated 
value  for  the  angle  c  f\  r\%  55°  40'. 

The  faces  commonly  dev^eloped  on  the  larger  crystals  are  the 
unit  rhombohedron  r  |10il(  and  the  base  c  |0001[.  The 
smaller  crystals  are  tabular,  parallel  to  tlie  base,  and  have  both 
the  positive  and  negative  rhombohedrons.  The  basal  sections 
are  hexagonal,  while  the  prismatic  sections  are  lath-shaped,  with 
pointed  ends.  The  optical  properties  show,  however,  that  the 
mineral  is  only  pseudo-rhombohedral. 

The  perfect  basal  cleavage  gives  wavy  and  striated  surfaces, 
and  the  striations  are  in  some  cases  developed  in  three  direc- 
tions, forming  hexagonal  markings.  The  hardness  of  hinsdal- 
ite is  about  4  1/2  and  the  density  is  3-65.  The  streak  is  col- 
orless.   The  luster  is  vitreous  to  greasy.    The  crystals  are  nearly 
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colorless,  with  a  greenish  cast,  but  much  of  the  mineral  is  dark 
gray  from  minute  inclusions. 

A  microscopic  study  of  thin  sections  revealed  the  fact  that 
the  larger  crystals,  at  least,  are  strongly  zoned.  This  zonal 
structure  is  easily  seen  in  ordinary  light,  or  even  in  the  hand 
specimens.  Some  of  the  zones  are  much  more  subject  to  alter- 
ation than  others.  Between  crossed  nicols  the  different  zones 
show  slightly  different  interference  colors. 

On  account  of  the  zonal  growth  it  is  not  possible  to  obtain 
accurate  and  consistent  optical  data.  Cleavage  pieces  of  the 
mineral  are  not  isotropic,  but  are  nearly  normal  to  a  positive, 
acute  bisectrix.  The  values  of  2E  vary  from  nearly  0°  to  40°. 
Dispersion  of  the  optic  axes  was  not  perceptible.  In  many 
cases  the  core  of  the  larger  crystals  is  nearly  uniaxial,  and  the 
most  common  value  of  2  E  for  the  outer  zone  is  32°.  The  vari- 
ation in  the  value  of  2 £  is  probably  largely  due  to  the  zonal 
growths,  though  in  some  cases  it  is  clearly  due  to  overlapping 
of  twin  lamellae.  Basal  sections  of  some  of  the  crystals  are 
divided  into  six  radial  segments  and  the  plane  of  the  optic  axes 
for  each  segment  is  normal  to  the  hexagonal  prism  edge  and  to 
the  striations. 

These  relations  are  shown  in  fig.  1,  where  the  diagrammatic 
part  shows  the  optical  relations  and  the  photograph  shows  a 
basal  section  (under  crossed  nicols)  of  an  incomplete  hinsdalite 
crystal. 

Accurate  measurement  of  the  angle  between  the  segments 
was  not  feasible,  though  it  approximates  closely  to  60°.  Similar 
optical  anomalies  have  been  described  for  hamlinite*  and  for 

i'arositef ,  both  members  of  the  same  series  of  minerals  to  which 
linsdalite  belongs  (see  paper  in  the  number  following). 

The  indices  of  refraction  for  hinsdalite  were  determined  by 
the  oil  immersion  method.  The  values  of  a  and  fi  are  nearly 
the  same  and  vary  from  1*66  to  1*68,  with  an  average  value  of 
1-67 ;  the  value  of  7  varies  from  1-678  to  1-700.  The  bire- 
fringence was  measured  by  comparing  the  interference  color  of 
sections  parallel  to  the  plane  of  the  optic  axes  with  that  of  the 
same  section  of  quartz.  For  the  greater  part  of  the  hinsdalite 
crystal  the  value  of  0*019  was  obtained.  Some  of  the  narrow 
zones  eave  a  value  as  low  as  0*016.  Therefore  the  indices  of 
refraction  for  hinsdalite  may  be  taken  as:  a  =1*670,  ^  =  1-671, 
7=  1-689. 

*  Bowman,  H.'L.  :  On  Hamlinite  from  the  Binnenthal,  Switzerland.  Min- 
eral. Mag.,  vol.  xiv,  p.  389,  1907. 

fSlavik,  Franz:  Mineralogische  Notizen.  Zeitschr.  Kryst.,  vol.  xxzix, 
p.  297,  1904. 
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Chemical  Compo8itio7i. 
(W.  T.  Schaller.) 

The  new  mineral  is  infusible,  becomes  bine  when  heated 
with  cobalt  nitrate,  and  gives  a  lead  reaction  when  fused  with 
sodium  carbonate  on  charcoal.  A  little  water  is  given  off  when 
it  is  heated  in  a  closed  tube.     It  is  practically  insoluble  in  acids. 

After  the  qualitative  analysis  had  shown  what  the  essential 
components  of  the  mineral  were,  a  preliminary  quantitative 
analysis  was  made,  the  approximately  correct  results  not  being 
here  given.  With  a  knowledge  of  the  composition  and  the 
experience  gained  in  making  the  preliminary  analyses,  the 
chemical  composition  of  hinsdalite  was  determined  on  carefully 
selected  and  pure  material.  The  results  obtained,  together 
with  the  ratios  deduced  therefrom,  are  shown  below. 

Analynn  and  ratios  of  hinsdalite. 

SrO 3-11  -030) 

CaO trace  

A1,0, 20-47  -260  2-92  or  3 

SO, 1413  -177  1-99  or  2 

P,0, 14-50  -102  1-14  or   I 

B.O 10-25  -570  6-40  or  6  (=6X1-07) 

100-21 

The  ratios  agree  well  with  the  formula,  2Pb0.3Al,0,.2SO,. 
P,0,.6H,0,  except  that  the  P,0,  and  H,0  are  a  little  high. 
A  comparison  of  the  analysis  with  the  calculated  percentages  is 
shown  below.  The  sample  analyzed  consists  of  82-56  per  cent 
of  2Pb0.3Al,0.-2SO..P,0,.6H,6,  and  17-44  per  cent  of  2SrO. 
3A1,0,-2S0..P,0..6H,0  (svanbergite). 

Under  1  is  given,  in  the  table  below,  the  analysis  of  the 
Colorado  mineral  ;  under  2,  the  calculated  composition  of 
2Pb0.3 Al,0,.2SO,.P,0,.6II,0 ;  under  3,  the  composition  cal- 
culated for  a  mixture  of  82*56  per  cent  of  the  pure  lead 
mineral  and  17*44  per  cent  of  the  pure  strontium  mineral 
(svanbergite) ;  and  under  4,  for  comparison,  the  calculated 
composition  of  pure  svanbergite. 

Comparison  of  analysis  with  calculated  composition, 

12  8                       4 

PbO.... 31-75      38*37  31*68  

SrO 3*11       ....  3-91  22*43 

A1,0, 26*47              26*36  2755  33*19 

SO, 14-13              13-77  14-39  1732 

P,0, 14-60              12-21  12-76  1537 

H,0 10-25       9-29  9-71  11*69 

100-21     100-00     100-00     100*00 
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The  Coloi-ado  mineral,  or  at  least  that  sample  of  it  which 
was  analyzed,  represents  a  strontium  hinsdah'te  just  as  the 
only  good  analysis  of  svanbergite  really  represents  a  lead  svan- 
berffite. 

The  water  of  the  mineral  is  all  water  of  constitution,  that 
is,  it  is  driven  off  only  at  a  high  temperature.  It  was  found 
that  practically  no  water  was  expelled  up  to  390®,  the  follow- 
ing table  showing  the  results  obtained  : 

L088  of  water. 

Temp.  Total  loss  in  weight 

110'' 002  percent 

170° 0-02  ** 

250° 0-08  " 

390° 0-08  " 

590° 9-24  " 

The  crucible  was  heated  in  an  air  oven  for  the  temperatures 
up  to  250°  ;  above  this  heat,  an  electric  furnace  was  used. 
The  results  show  that  the  water  is  lost  between  400°  and  600°, 
approximately. 

In  its  relation  to  other  members  of  the  group,  hinsdal- 
ite  is  best  considered  as  the  lead  type  of  svanbergite.  It 
may  just  as  well  be  considered  as  an  aluminous  corkite,  the 
formula  for  corkite*  being  2Pb0.3Fe,0,.2SO,.P,0,.6H,0. 
The  systematic  place  of  hinsdalite  is  thus  well  iixed,  and  it  adds 
another  well-deiined  mineral  to  a  group  which  already  includes 
a  considerable  number  of  minerals  (see  paper  in  the  number 
following).  The  relations  of  these  minerals,  closest  related  to 
hinsdalite,  can  be  seen  in  the  following  tabulation : 

Svanbeigite... 

Hinsdalite 

Corkite 

Bendantite  ... 

United  States  Geological  Survey. 
Washington,  D.  C. 

♦Compare  Lacroix,  Min^ralogie  de  la  France,  vol.  iv,  p.  592,  1911. 


2SrO. 

3A1,0,. 

2S0,. 

PsO*. 

6H,0. 

Rhomb. , 

,  c=l-2063 

2PbO. 

SAlaO,. 

280,. 

P.O.. 

6H,0. 

Rhomb., 

,  c=l-2677 

2PbO. 

8Fe,0a. 

2S0,. 

PjOe. 

6HaO. 

Rhomb., 

,  c=11842 

2PbO. 

8Fe,0«. 

2S0,. 

AssOft. 

.  6H,0. 

Rhomb., 

,  c=l-1842 
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Art.  XXXI. —  The    Hunton  Formation  of  OMahoma;    by 
Chester  A.  Kekds,  Bryn  Mawr  College. 

[C6ntribations  from  the  Paleontological  lAboratory  of  Yale  Univeraity.] 

Introduction, 

The  Hunton  formation  of  the  Arbuckle  Mountains,  Okla- 
homa, was  briefly  described  by  Mr.  J.  A.  Taff  in  the  Atoka 
Folio,  1902,  Tisliomingo  Folio,  1903,  and  Professional  Paper 
No.  31,  1904,  of  the  U.  S.  Geological  Survey.  Drs.  G.  H. 
Girty  and  E.  O.  Ulrich  collected  and  studied  fossils  in  connec- 
tion with  the  stratigraphic  work  of  TaflF. 

Since  1905  the  writer  has  examined  with  care  all  of  the 
widely  scattered  outcrops  of  the  Hunton.  He  has  made,  fur- 
thermore, three  large  collections  of  fossils  from  these  beds,  and 
has  measured  as  many  as  35  sections  across  the  exposed  edges 
of  these  tilted  strata.  After  the  completion  of  a  comprehen- 
sive study  of  the  collections  and  sections  under  the  direction  of 
Professor  Charles  Schuchert  of  Yale  University,  the  writer 
prepared  a  paper  entitled  "  The  Stratigraphy  of  the  Hunton 
Formation,  with  introductory  chapters  on  the  Physiogranhy 
and  Structure  of  the  Arbuckle  Mountaius,  Oklahoma."  This 
report  was  submitted  May  1,  1910,  to  the  Faculty  of  the 
Graduate  School  of  Yale  University  as  a  thesis,  in  partial  ful- 
filment of  the  requirements  for  the  degree  of  Doctor  of  Phi- 
losophy. The  introductory  chapters  on  the  Physiography  and 
Structure  together  with  chapters  on  the  Stratigraphy  and 
Mineral  Resources  of  the  Arbuckle  Mountains  have  since  been 
published  as  Bulletin  No.  3, 1910,  of  the  Oklahoma  Geological 
Survey. 

In  the  following  pages  the  writer  proposes  to  submit  only  a 
summary  of  his  stratigraphic  and  paleontologic  studies  of  the 
Hunton,  since  the  text  and  illustrations  of  the  complete  report 
will  be  published  later  as  one  of  the  U.  S.  Geological  Survey 
publications. 

As  no  maps  accompany  this  article  the  writer  refers  the 
reader  to  the  Ardmore,  Tishomingo,  Atoka  and  Stonewall 
topographic  sheets,  the  Atoka  and  Tishomingo  Folios,  the  map 
of  the  Arbuckle  Mountains  in  Professional  Paper  No.  31  of 
the  U.  S.  Geological  Survey,  and  to  the  maps  accompanying 
Bulletin  No.  3  of  the  Oklahoma  Geological  Survey. 

Problem  stated, — As  mentioned  in  the  Tishomingo  Folio, 
page  4,  and  Professional  Paper  No.  31,  pages  29  to  30,  the 
Hunton  limestone  may  be  divided  into  two  categories :  (1)  litho- 
logically,  into  3  members:  a  basal  limestone,  a  middle  shale 
and  an  upper  limestone ;  (2)  paleontologically,  into  4  faunal 
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horizons :  Clinton,  Nia^ra,  Helderberg  and  Lower  Oriskany, 
the  first  and  second  assigned  to  the  basal  member,  the  third 
and  fourth  to  the  middle  and  upper  members,  respectively. 

The  writer  does  not  accept  this  threefold  lithologic  and  four- 
fold paleontologic  subdivision  of  the  Hunton.  Instead,  he  pro- 
poses both  a  fourfold  lithologic  and  paleontologic  arrangement, 
the  new  units  to  have  tlie  rank  of  formations.  From  bottom 
to  top  they  are  (1)  the  Chimneyhill  limestone  (Silurian),  (2) 
the  Henryliouse  shale  (Silurian),  (3)  the  Haragan  shale  (Devo- 
nian) and  (4)  the  Bois  d'Arc  limestone  (Devonian).  These 
four  formation  names  are  new  terms  and  have  been  approved 
by  the  Committee  on  Geologic  Names  of  the  U.  S.  Geological 
Survey.  As  may  be  seen  from  the  correlation  table.  Table  1, 
the  limits  of  the  new  subdivisions  do  not  correspond  exactly 
with  those  proposed  by  Taflf,  Ulrich  and  Girty. 

This  difference  in  the  grouping  of  the  beds  has  arisen,  no 
doubt,  from  the  unrealized  xery  variable  thickness  of  the 
Chimneyhill,  Henryhouse,  Haragan  and  Bois  d'Arc  formations 
from  place  to  place,  and  also  because  the  characteristic  fossils 
which  definitely  define  the  limits  of  each  had  not  then  been 
determined.  In  Taff's  type  area  at  Hunton  only  three  of  the  new 
formations  here  proposed,  the  Chimneyhill,  Haragan  and  Bois 
d'Arc,  are  present,  the  Henryhouse  having  been  eroded  previ- 
ous to  the  deposition  of  the  Haragan.  In  the  Lawrence  anti- 
cline, however,  some  15  to  20  miles  northwest  from  Hunton 
the  Henryhouse  formation  attains  its  greatest  thickness,  223 
feet,  while  the  Haragan  formation  is  wanting.  There  the  Bois 
d'Arc  rests  disconformably  on  the  Henryhouse  while  the  latter 
is  disposed  similarly  on  top  of  the  Chimneyhill.  In  the  "  White 
Mound  "  region  3  to  4  miles  southeast  of  Dougherty,  and  many 
places  elsewhere,  the  four  formations  are  present,  but  vary- 
ing in  thickness  from  locality  to  locality.  No  two  of  the  35 
sections  made  across  the  Hunton  are  alike.  Not  only  are  the 
entire  sections  of  different  thickness  but  also  the  amount  of 
each  formation  present  is  variable.  The  cause  for  this  varia- 
bility is  assignea  to  unequal  rate  and  time  of  deposition  from 
place  to  place,  and  also  to  differential  erosion  during  and  follow- 
ing sed  i  mentation . 

The  writer's  classification  is  based  on  both  faunal  and  litho- 
logic grounds  but  primarily  on  the  faunal  evidence.  In  locali- 
ties where  the  Haragan  shale  rests  on  the  Henryhouse  shale,  as 
in  the  exposures  about  Dougherty,  it  will  be  difficult,  without  a 
knowledge  of  the  fossils,  to  separate  one  formation  from  the 
other.  In  localities  where  only  one  of  these  shale  members  is 
present,  as  near  Lawrence  and  Hunton,  there  will  be  no  diffi- 
culty in  distinguishing  three  formations,  lithologically  as  well  as 
faunally.     The  fossils,  however,  are  the  only  criteria  that  may 
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be  relied  upon  to  determine  which  of  the  two  shale  formations 
is  represented. 

That  the  writer's  conclusions  may  be  substantiated  and  that 
the  formations  may  be  more  completely  defined,  each  forma- 
tion, with  its  characteristic  fauna,  will  be  treated  separately  in 
the  following  pages. 

Chimney  hill  limestone  {Silurian), 

This  formation  corresponds  to  Taff's  lower  Ilunton  lime- 
stone. It  varies  in  thickness  from  0  to  63  feet,  but  it  is  per- 
sistent throughout  all  of  the  widely  scattered  exposures  of  the 
Ilunton.     It  is  named  after  Chimney  hill  creek,  which  crosses 

Table  I. —  Correlation  table  of  the  Siluro- Devonian  Rocks, 
Arbuckle  Mountavis.  Oklahoma. 
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Heeds  1911 


Taff ,  Ulrich  and  I 

Girty 

1903-1904 
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the  formation  in  the  northeast  corner  of  the  Mountains.  The 
type  locality  is  at  the  confluence  of  three  small  creeks,  Sec.  4, 
T.  2N.,  R.  6E.  Since  there  were  no  geographic  names  in  this 
region  suitable  for  formation  names  it  was  necessary  to  change 
"South  Fork  of  Jack  Fork''  creek  to  Chimneyhill  creek.  The 
Chimneyhill  limestone  rests  unconformabty  on  a  blue,  green 
or  yellowish  shale  which  Taff  has  named  the  Sylvan.  Above, 
in  most  places,  it  is  in  contact  with  the  Henryhouse  formation, 
which  rests  unconformably  on  it.  In  other  places,  as  at 
Hunton,  it  is  in  contact  with  the  Haragan  shale,  the  second 
shale  formation,  since  erosion  removed  in  that  region  all  of  the 
Henryhouse  before  the  Haragan  was  deposited  on  the  uneven 
surfaces  of  the  Chimneyhill. 

Litholbgy. — From  a  lithologic  standpoint  the  Chimneyhill 
formation  is  divisible  into  three  members :  an  oolitic  limestone, 
a  glauconitic  limestone  and  a  pink-crinoidal  limestone.  Each 
member  has  a  variable  thickness  and  extent  throughout  the 
mountains.  Thev  will  be  considered  in  the  order  named,  which 
was  also  their  order  of  deposition. 

Oolitic  member, — This  member  forms  a  bed  of  oolitic  lime- 
stone ranging  in  thickness  from  0  to  12  feet,  at  the  base  of  the 
formation,  its  best  outcrop  is  in  the  northeast  corner  of  the 
mountains  in  the  vicinity  of  Lawrence.  There  it  has  an  aver- 
age thickness  of  9  feet,  and  is  well  exposed  for  a  distance  of 
5  miles  as  the  cap-rock  to  the  escarpment  of  the  Sylvan  shale. 
Although  this  member  is  generally  present  with"  the  other 
members  of  this  formation  it  is  absent  in  10  of  the  35  measured 
sections  and  only  1  foot  thick  in  4  of  them.  Where  it  is  only 
1  foot  thick  the  lower  half  is  composed  chiefly  of  crinoidal 
fragments  while  the  upper  6  inches  consists  wholly  of  oolite. 
Where  the  member  has  an  average  thickness  of  5  feet  or  more 
the  lower  1*5  feet  consist  chiefly  of  crinoidal  fragments.  Other 
fossils  are  sometimes  present.  This  narrow  lower  zone  is  often 
of  the  same  color  as  the  overlying  oolite  beds,  but  perhaps  it  is 
more  frequently  a  brownish  earthy  crinoidal  limestone.  On 
fresh  exposures  the  oolitic  limestone  in  the  upper  zone  is  light 
gray  to  white  in  color,  but  where  weathered  it  takes  on  a 
darker  tone.  In  hand  specimens  the  oolites  themselves  may 
be  more  or  less  uniform  in  grain,  that  is,  fine,  medium,  or 
coarse,  or,  those  varying  from  a  pinhead  to  a  pea  in  size  may 
be  associated  together.  This  upper  oolitic  zone  is  chiefly 
unfossiliferous  except  for  a  few  small  specimens  of  Favosite% 
niagarenshSn,  and  occasionally  lentils  of  white  limestone  which 
contain  a  new  species  of  Clorinda,  In  the  Coal  creek  sec- 
tion a  6-foot  yellowish  shale  bed,  resembling  the  Sylvan, 
occurs  between  3*5  feet  of  oolite  below  and  1  foot  of  oolite 
above.     This  is  the  only  locality  observed  where  a  lentil  of 
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shale  was  intercalated  in  this  member.  Its  presence  indicates 
that  the  muddy  water  conditions  of  the  Sylvan  were  resamed 
at  this  time  and  place.  The  presence  of  limestone  lentils  at 
other  localities  foreshadows  the  deposition  of  the  overljing 
white  glauconitic  limestone  or  middle  member. 

Glauconitic  member, — This  member  was  found  in  all  of  the 
numerous  exposures  examined  except  one  near  Sheep  creek 
where  the  pink-crinoidal  member  rests  on  the  oolitic  member. 
The  35  sections  made  across  the  Hunton  show  that  it  varies  in 
thickness  from  0  to  25  feet.  It  is  a  white  to  gray,  granular  to 
crystalline,  generally  massive  bedded  limestone,  disseminated 
with  green  glauconitic  grains.  The  presence  of  the  green 
glauconite,  white  color  and  granularity  readily  distinguish  it 
from  the  oolitic  and  pink-crinoidal  members,  between  which  it 
is  intercalated. 

Pink-crinoidal  member, — This  limestone  constitutes  the 
uppermost  member  of  the  Chimneyhill  formation.  Typical 
exposures  are  to  be  found  in  the  Lawrence  and  Hunton  anti- 
clines and  Franks  syncline  along  the  northeast  border  of  the 
mountains  between  Lawrence  and  Bromide.  The  exposures  in 
the  vicinity  of  Dougherty  in  the  west  central  part  of  the 
mountains  are  not  so  characteristic.  Typically  the  member  is 
a  thin  bedded,  compact  earthy  to  crystalline  limestone  contain- 
ing numerous  crinoidal  fragments  which  have  been  stained 
pink  by  infiltrated  iron  and  manganese.  The  member  varies 
m  thickness  from  0  to  39  feet,  with  an  average  thickness  of 
approximately  15  feet.  This  variation  in  thickness  is  accounted 
for  chiefly  by  the  differential  erosion  which  affected  the  mem- 
ber previous  to  the  deposition  of  the  Henryhouse  shale,  and, 
in  places  where  it  has  been  completely  carried  away,  by  a  sec- 
ond period  of  erosion,  the  one  just  previous  to  the  deposition 
of  the  Haragan  shale. 

Fauna, — The  fauna  of  the  Chimneyhill  limestone  is  roughly 
equivalent  to  that  of  the  Ohio  Clinton  and  Erassiield  forma- 
tions east  of  the  Cincinnati  axis  in  Ohio  and  Kentucky.  It  is 
still  more  closely  related,  however,  to  the  Ohio  Clinton  west  of 
this  axis  in  Indiana,  southern  Illinois,  Kentucky  and  Tennes- 
see. In  fact,  as  at  present  underetood,  the  Chimneyhill  was 
deposited  in  the  same  marine  waters  but  near  the  opposite 
shore  of  a  rather  restricted  geographical  province,  the  Indiana 
basin.*  It  would  thus  be  expected  that  the  faunas  are  some- 
what alike  but  not  necessarily  the  same  in  every  particular. 
The  names  and  stratigraphic  range  of  the  characteristic  species 
of  the  Chimneyhill  formation  are  as  follows  : 

♦Schuchert,  C.»  Paleogeography  of  North  America^  Bull.  Geol.  Soc.  Am., 
vol.  XX,  pp.  532-538,  pi.  64. 
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ClIABACTEBISTIC    SpECIBB   OF  THB   ChIMNBTHILL  FoBMATIOK 

(Silubian). 

Odlitic  member. 

Atrypa  n.  sp.,  Schuchertella  sp.,  Rhipidomella  n.  sp.,  Cyclo- 
nema  daj/tonensis, 

Glauconitic  member. 

CaUopora  magnopora^  Pachydictya  bi/ureata,  Phenoporajim- 
briatff,  Phenopora  magna,  Rhinopora  verrucosa,  Plectambonites 
trnnsversalis  n.  var.,  JStrophomena  (?)  antiquatay  Cyclonema  ven* 
tricosuy  Orthoceras  cf.  latanummulatumy  lUasnus  ambiguas^lUoenus 
cf.  armatus. 

Pink-crinoidal  member. 

Pisocrimis  sp.,  JBomoaospira  n.  sp.,  Plectambonites  tennesseensis 
(cf.  quinquecostata  McCoy),  Spirifer  radiatuSy  Stropheodonta 
comtgatay  D'iplecia  n.  sp.  (cf.  waldronensis),  WhitfieldeUa  sp., 
Delthyris  n.  sp.,  Conocardium  sp.,  Hyolithes  n.  sp.,  Lophospira 
sp.,  Calymene  sp.,  Cyphaspis  clinto7iensi8,  Dalmanites  arkansus, 
lllcenus  2  sp.,  Lichas  n.  sp.,  Odontopleura  arkansana,  Proetus 
corrugatiM  ?,  Proetus  determinatus  ?,  iSphoerexochus  sp. 

Oolitic  and  glauconitic  members. 

Orthis  flabeUites, 

Glauconitic  and  pink-crinoidal  members. 

Stephanocrinus  elongatus,  Conocardium  sp.,  Strophostylus 
cyclostomuSy   Orthoceras  rectuniy  Dalmanites  sp. 

Oolitic,  glauconitic  and  pink-crinoidal  members. 

Streptelasma  cf.  bilateraliSy  Clorinda  n.  sp.,  Dalmanella  etc- 
gantulay  IleberteUa  fausta,  PUUystrophia  biforatay  Triplecia  cf . 
ortoniy  Horniotoma  sp.,  Dalmanites  werthneriy  lUcBnus  cf.  day- 
tonensis, 

Henryhouse  shale  (Silurian). 

This  formation  varies  from  0  to  223  feet  in  thickness.  The 
thickest  exposures  occur  in  the  Lawrence  anticline  on  Chimney- 
hill  creek  in  the  northeast  corner  of  the  Arbuckles  and  again 
in  the  south  limb  of  the  Arbuckle  anticline  along  the  south- 
west border  of  the  mountains  from  Springer  to  Poolville  (Elk). 
Good  outcrops  may  be  seen  on  Henryhouse  creek  3  miles  east 
of  Woodford.  The  formation  takes  its  name  from  this  creek. 
In  the  central  part  of  the  mountains  in  the  vicinity  of 
Dougherty  the  formation  is  not  so  thick  and  on  the  eastern 
side  of  the  Arbuckles  from  Canyon  creek  south  to  Bromide 
(Sulphur  Springs)  it  is  altogether  wanting. 
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Lithology. — Along  Chiraneyhill  creek  this  formation  is  com- 
posed of  bluish  to  yellowish,  tnin  to  moderately  thick  bedded 
earthy  limestone  and  intercalated  shale  beds  in  the  lower  180 
feet,  while  the  upper  43  feet  is  of  white  marly  beds.  In  the 
type  area,  and  also  in  the  vicinity  of  Dougherty,  alternating 
yellowish  shales,  shaly  limestones  and  bands  of  reddish  earthy 
limestone  occur.  The  lower  180  feet  of  the  Chimneyhill  sec 
tion  is  represented  thus  in  the  Henryhouse  creek  section. 
Faunally,  it  contains  many  of  the  same  species  but  is  less  pro- 
lific in  the  number  of  individuals.  The  white  marly  beds  and 
their  coral  fauna  are  not  present  at  the  top  of  the  Ilenryhouse 
creek  section.  As  may  be  seen  the  beds  of  the  two  sections  are 
thus  somewhat  variable  in  character  as  well  as  in  thickness. 
The  sediments  were  evidently  deposited  in  shallow  oscillating 
seas  which  bordered  an  irregular  coast-line  of  slightly  uplifted 
land,  or,  possibly  in  a  sea  containing  scattered  islands. 

Fauna, — The  fauna  of  the  Henryhouse  shale  is  more  pro- 
lific than  that  of  the  Chimneyhill  formation  below,  although 
fossils  are  scant  in  the  lower  120  feet.  They  may  be  collected, 
too,  with  greater  ease  from  the  weathered  shale  "slopes  of  the 
Henryhouse  than  from  the  hard  limestone  ledges  of  the 
Chimneyhill.  The  contact  between  these  two  formations  is 
sharper  in  the  northeast  part  of  the  mountains  in  the  Lawrence 
anticline,  than  in  the  vicinity  of  Dougherty  and  along  the 
south  side  of  the  mountains,  west  of  the  Washita  river.  The 
fossils  from  the  lower  120  feet  of  this  formation  correspond 
more  closely  to  those  of  the  Bob  formation  of  Tennessee  and 
this  division  may  be  known  as  the  Lower  Henryhouse.  The 
fossils  from  the  remaining  102  feet  correspond  most  closely  to 
the  Lobleville  beds  and  these  beds  represent  the  Upper  Henry- 
house. It  may  thus  be  seen  that  the  unconformity  between 
the  Chimneyhill  and  Henryhouse  formations  is  denoted  by  the 
absence  of  the  Osgood,  Laurel,  Waldron,  Lego,  Dixon  and 
Beech  river  formations  as  defined  by  Pate  and  Sassier.*  The 
names  and  stratigraphic  range  of  the  diagnostic  species  of  the 
Henryhouse  formation  are  as  follows  : 

Characteristic  Spkcies  op  Henryhouse  Formation  (Silurian). 
^  Lower  Henryhouse. 

Glassia  sp.,  Scenidium  insigne^  Schuchertella  n.  sp.,  Strophe- 
odonta  n.  sp.,  Strophonella  prolongata,  Platgschiama  n.  sp., 
Orthoceras  n.  sp.,  Bronteus  cf.  plana^  Ceraurus  niagarensis, 
Dalmanites  n.  sp,,  Fncrifiurus  n.  sp. 

♦Pate,  W.  F.  and  Bassler,  R.  S.,  Proc.  U.  S.  Nat.  Museum,  vol.  xxxiv, 
p.  410. 
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Upper  Henry  house. 
Aatyloapongiaprcemoraay  Amplexus  shumardiy  Aulopora  repens, 
Calceola  sp.^Cladopora  reticulata^  Erldophyllum  nigosiim,  Favo- 
sites niagarensis,  Fat^osites  venustus  n.var.,  HeliophyUumradicula^ 
Plasmopora  folis,  Thecia  minor,  Thecia  major,  Coccoseris  micro- 
pora,  ilelioUtes  interstinetus,  Heliolites  subtubulatuSy  Pisocrinus 
milliganae,  Synhathocrinus  tennesseensis,  Ascodictyon  silurinense, 
Bythotrypa  cf.  distichia,  Bythotrypa  cf.  squamata,  Chilotrypa  4 
sp.,  Crepipora  n.  sp.,  Fenestella  cf.  acuticosta,  FistuUpora  2  sp., 
Ilederella  sp.,  Leptotrypa  n.  sp.,  Lioclema  2  sp.,  Nicholsonella  cf. 
itoridoy  Penniretepora  cf.  distichiay  Rhopalonaria  attenuata, 
Anastrophia  cf.  interriascens,  Afioplotheca  saffordi,  Airypa  cf. 
nodostriatUy  Camarotcechia  ?  neglecta,  Hehertella  fissiplica,  Lep- 
toena  sp.  (European  type),  Nncleospira  cf.  lentiformis,  Pholidops 
sp.,  Rhynchonella  n.  sp.,  Rhynchospira  glohosa,  Schuchertella 
subplanus,  Spirifer  crispus,  Strophonella  tenuistriata,  Uncinukis 
cf.  nucleolata,  Uncinulus  cf.  stricklandi,  Amphiccelia  sp.,  Platy- 
stoma  sp.,  Cyrtoceras  subrectum,  Orthoceras  sp.,  Acaste  cf.  dow- 
ingicBy  Dalmanites  n.  sp. 

Lower  and  Upper  Henry  house. 
Striatopora  sp.,  Lecanocrinus  n.  sp.,  Ceramopora  sp.,  Fenes- 
tella n.  sp.,  Fistulipora  hemispherica,  Packydictya  crassa, 
Anoplotheca  saffordl,  Bilobites  saffordi,  CamaroUechia  lohitei, 
Balmanella  crassa,  Dictyonella  gibbosa,  Gypidula  rcemeri^  Oypi- 
dula  roemeri  simplex  n.  van,  Leptcenisca  adnascens,  Merista  ten- 
nesseensis,  Pholldostrophia  n.  sp.,  Schuchertella  subplanus  roemeri, 
Spirifer  saffordi,  Stropheodonta  n.  sp.  (1),  Strophonella  laxipli- 
cata,  Calymene  cf.  camerata, 

Haragan  bhale  (Devonian). 
The  Haragan  shale  varies  in  thickness  from  0  to  166  feet, 
with  an  average  thickness  of  about  100  feet.  The  fossils  indi- 
cate that  this  variation  in  thickness  is  due  chiefly  to  the  unequal 
rate  of  deposition  of  the  beds  over  an  uneven  surface.  It  is 
absent  in  the  Lawrence  anticline  and  Wapanucka  syncline  but 
is  represented  in  most  of  the  remaining  outcrops  of  the  Hunton. 
Excellent  exposures  may  be  found  along  the  northeast  border 
of  the  mountains  from  Canyon  creek  south  to  Hunton  and 
Bromide.  The  prominent  escarpment  at  the  postofRce  of 
Hunton  is  of  this  shale.  Excellent  exposures  containing 
abundant  fossils  are  to  be  seen  in  the  "White  Mound"  region 
along  Haragan  creek  3  to  4  miles  southeast  of  Dougherty. 
This  is  the  type  area,  the  formation  taking  its  name  from 
Haragan  creek  which  flows  westward  across  the  strike  of 
the  formation  about  one-fourth  mile  north  of  "  White  Mound." 
The  term  Haragan,  which  is  used  here  as  the  formation  name, 
has  been  applied  to  an  unnamed  creek  which  may  be  seen 
on  the  Ardinore  quadrangle  in  Sec.  17,  T.  2S.,  R.  3E.     The 
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Henrjhouse  and  Haragan  shales  are  both  exposed  here  and 
when  taken  together  constitute  Taff's  middle  member. 

Lithology. — The  formation  consists  of  alternating  blue  to 
white  shales  and  thin  bedded  earthy  limestones  which  weather 
into  yellowish  shales  on  long  exposure.  It  resembles  some- 
what the  Henry  house  formation,  but  instead  of  a  tendency 
toward  massive  bedded  alternating  series  of  yellow  and  pink 
earthy  limestones  and  some  shale  beds  there  is  here  a  predom- 
inance of  the  sliale  members  and  only  occasionally  thin  ledges 
of  earthy  or  crystalline  limestone.  I'he  most  typical  sections 
were  made  along  Coal  and  Haragan  creeks. 

Fauna. — The  fossils  are  numerous  and  easily  obtained  close 
to  the  streams  where  weathered  shale  slopes  occur.  The  fauna 
contains  a  considerable  number  of  species  that  are  to  be  found 
in  the  New  Scotland  shale  of  the  Helderbergian  series  in  the 
lower  Devonian  of  New  York.  The  names  of  the  species  which 
have  been  identified  that  are  peculiar  to  this  horizon  are  the 
following : 

Characteristic  Spkciks  of  the  Haragan  Shale  (Devonian). 

Favosites  venustuA^  Striatopora  issa^  Brachiocrinus  sp.,  Fdrio- 
crinus  n.  sp.,  Callopora  perelegans,  Anoplia  helderbergce,  Atrypa 
nodosCriata  n.var.,  Atrypina  imhricatay  Camarotcechia  bialveatay 
Chonetes  sp.,  Cyrtina  dalmani,  Dalmandla  n.  sp.,  Dalmanella 
svhcarinatay  Orthoatrophia  atrophomenoideSy  Spirifer  cyclopterus 
n.  var.,  Siropheodonta  crebristriata,  Stropheodonta  variatriata, 
Stropheodonta  n.  sp.,  Stropheodo?ita  cf.  planulatay  Strophonella 
n.  sp.,  Trematoapira  cf.  coalatOy  Conocardium  sp.,  Megambonia 
sp.,  Diaphoroatoma  n.  sp.,  Diaphoroatoma  ventricoaa,  Platy- 
ceraa  lamelloaumy  Pknyceras  unguiforme,  Pleurotomaria  n.  sp., 
Tentacnlitea  gyracanthuay  Dawaonoceraa  n.  sp.,  Dicranurua 
hamatuay  Fhacopa  loganU 

Bois  d^Arc  limeatone  (Devonian), 

This  formation  corresponds  to  Taff's  upper  Hunton.  It  is 
present  wherever  the  Chimneyhill,  Henryhouse  and  Haragan 
beds  are  found  except  in  the  northeast  limb  of  the  Arbuckle 
anticline  in  the  vicinity  of  Honey  creek  near  the  Washita 
river.  There  it  was  eroded  previous  to  the  deposition  of  the 
overlying  Woodford  chert.  It  varies  in  thickness  from  0  to 
90  feet  but  has  a  general  average  of  60  feet.  In  the  type  area 
along  Bois  d'Arc  creek,  Sec.  4,  T.  2N.,  R.  GE.,  in  the  north- 
east corner  of  the  Arbuckles,  it  has  a  maximum  thickness  of 
only  6i  feet.  Although  the  thickness  is  not  as  great  as  that  to  be 
found  in  the  Dougherty  anticline,  or  along  Haragan  creek,  the 
fossils  indicate  that  it  is  the  higher  portion  of  the  section 
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which  is  here  represented.  It  may  yet  be  determined  that  the 
uppermost  40  feet  of  the  Bois  d'Arc  are  Oriskany  in  age. 

LitJiology, — The  Bois  d'Arc  limestone  consists  of  thin 
bedded  crystalline  and  non-crystalline  limestone  with  occa- 
sional chert  lentils  and  thin  beds  of  intercalated  yellowish 
shale.  In  the  Coal  creek  and  Goose  creek  sections  a  6-foot 
bed  of  yellowish  shale  occurs  near  the  middle  of  the  formation. 
Where  the  crystalline  ledges  have  weathered  considerably  the 
rock  is  readily  worked  for  fossils,  but  the  non-crystalline  lime- 
stone instead  is  very  hard  and  weathers  into  thin  lenticular 
lenses. 

-Fa-WTia.  — The  fossils  indicate,  that  for  most  places  in  the 
Arbuckles  deposition  was  continuous  from  the  Haragan  shale 
into  the  Bois  d'Arc  limestone.  The  contacts,  however,  are 
sharp  where  the  beds  are  gently  inclined,  but  not  always  so 
where  the  beds  are  steeply  tilted.  This  is  due  to  the  less  effect- 
ive power  of  the  agents  of  weathering.  In  passing  from  the 
Haragan  shale  to  the  Bois  d'Arc  limestone,  thin  intercalated 
shale  beds  are  to  be  found  between  the  ledges  of  limestone  in 
the  lowermost  5  feet  of  the  Bois  d'Arc  limestone.  This  is 
well  illustrated  in  the  thick  sections  across  the  Dougherty  anti- 
cline and  along  Haragan  creek.  In  the  type  area  in  the  north- 
east corner  of  tlbe  mountains  the  Bois  d'Arc  limestone  rests 
unconformably  on  the  Henryhouse  shale,  for  strangely  enough 
the  Haragan  shale  is  not  represented  here.  This  suggests  that 
the  northeast  corner  of  the  Arbuckle  Mountains  was  above  sea 
level  during  Haragan  times,  and  possibly  that  the  Henryhouse 
was  not  affected  much  by  erosion  since  the  thickest  section  con- 
taining the  highest  horizon  of  the  formation  occurs  a  mile  away 
on  Chimneyhill  creek.  Since  deposition  was  continuous  in 
various  places  from  the  Haragan  shale  into  the  Bois  d'Arc 
limestone,  it  is  not  surprising  tliat  the  lower  part  of  this  lime- 
stone, in  such  places,  has  a  New  Scotland  aspect.  Since,  how- 
ever, there  are  a  number  of  fossils  that  are  characteristic  of  this 
limestone  it  is  best  treated  as  a  separate  formation.  It  is  more 
nearly  the  Becraft  than  the  New  Scotland  of  the  New  York 
section.  The  names  of  the  fossils  which  are  peculiar  to  this 
formation  are  as  follows : — 

CnABAOTERISTIG   SpECIKS   OP  THK    BOIS   d'ArC    LiMESTONE 

(Devonian). 

Dendropora  n.  sp.,  Favosltea  shrioeri,  Trachypora  n.  sp., 
Pisocrinus  sp.,  Cadaster  n.  sp.,  Cyrtina  rostrata^  Eatonia 
singnlaris,  Leptostrophia  magnificat  Leptostrophia  oriskaniay 
Meristella  Icevis,  Meristella  lentiformiSy  Rensseloeria  mary- 
landicay   Spirifer   concinjia^   Spirifer  cyclopterus,   cf.   hartleii. 
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Stropheodonta  becki,  StrophoneVa  cavumho7ia,  Trematospira  n. 
sp.,  Uncinulus  2  n.  ep.,  Mytilarca  cf.  acutirostra,  Orthonychia  cf. 
plicatum,  Platyceras  n.  sp.,  cf.  tenuiliratum. 

Widely-ranging  species.  —  After  having  listed  separately 
most  of  the  species  which  occur  in  each  of  the  four  formations 
under  appropriate  headings,  it  is  well  in  order  to  make  the 
faunal  list  complete  to  give  now  the  names  and  range  of  the 
species  which  are  not  characteristic  of  any  one  formation  and 
which  have  a  stratigraphic  range  greater  than  that  of  a  single 
formation.  In  a  sense  they  are  forms  which  bind  together  the 
faunas  of  the  four  formations.  They  have  been  arranged  in  tab- 
ular form  under  class  headings,  Table  II.  The  list  shows  that 
some  species  which  have  heretofore  been  considered  character- 
istic OT  certain  horizons  are  no  longer  so.  This  is  well  exem- 
plified by  Leptcmisca  concava,  which  is  restricted  to  a  4-foot 
horizon  in  the  New  Scotland  of  New  York.  In  Oklahoma  it 
ranges  through  more  than  300  feet,  starting  in  the  Henryhouse 
(Silurian)  and  terminating  in  the  Bois  d'Arc  (Devonian). 
Another  diagnostic  fossil  of  the  New  Scotland  and  Linden  is 
Camarocrinios  ulrichi.  In  the  Arbnckle  Mountains  it  has  the 
same  range  as  LeptcBnisca  concava.  The  fauna  of  the  Upper 
Henryhouse  is  prophetic  of  the  Helderbergian,  but  it  is  still 
Silurian  since  it  contains  a  larger  number  of  associated  Niagaran 
species.  This  is  very  interesting  when  it  is  remembered  that 
none  of  the  Cayugan  series  is  represented.  These  and  other 
points  of  interest  will  be  treated  in  a  more  comprehensive 
manner  in  the  complete  stratigraphic  and  paleontologic  report 
which  will  appear  later  as  a  U.  S.  Geological  Survey  publi- 
cation. 

Table  of  Silurian  and  Ilelderhergian formations, — When 
the  Chimneyhill,  Henryhouse,  Haragan,  and  Bois  d'Arc  for- 
mations are  arranged  in  tabular  form  opposite  synchronous 
formations  of  the  completed  geologic  column,  it  is  at  once 
apparent  that  they  represent  but  a  small  part  of  the  time  from 
the  beginning  of  the  Silurian  period  to  the  close  of  the  Helder- 
bergian epoch  of  the  Devonian.  That  the  reader  may  have 
before  him  a  graphic  idea  of  this  relation,  a  table  of  Silurian 
and  Helderbergian  formations  is  given  in  Table  III.  Except 
for  the  new  terms  here  proposed,  it  has  been  compiled  from 
the  tables  given  by  Schuchert  in  his  Paleogeography  of  North 
America.  In  the  various  districts  considered,  the  times  of  no 
deposition  as  well  as  eroded  sediments  have  been  indicated  by 
the  word  ''  Break." 
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Table  II. 


The  widely-ranging  species  of  the 
Chimneyhilly  Henryhouse^  Haragan 
and  Bois  d^Arc  formations^  Ar- 
buckle  Mountains^  Oklahoma, 
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Art.  XXXII. — A  Stvdy  of  the  Time  Intervalin  a  Protective 
or  Circuit  Breaking  Device;^  by  Calvin  Naftzingek 
Weneich. 

In  the  ordinary  plunger  circuit  breaker,  the  time  between 
the  starting  of  the  iron  core  and  the  releasing  of  the  spring  is 
very  short.  This  time  is  not  appreciably  affected  by  a  change 
of  current  after  the  starting  of  the  core.  Such  an  interval  in 
a  breaker  is  called  the  "  time  element." 

The  fuse,  when  used  as  a  breaking  device,  acts  on  the  prin- 
ciple of  an  "  inverse  time  element,"  that  is,  the  greater  the 
excess  of  current  above  the  maximum  amount  which  the  fuse 
will  permanently  carrv,  the  shorter  is  the  interval  before  the 
circuit  is  broken.  Tnis  is  a  desirable  feature.  The  fuse, 
however,  is  non-adjustable  in  its  time  feature  and  very  danger- 
ous from  the  standpoint  of  ignition  at  its  blowing  temperature. 
These  features  make  it  undesirable  as  a  circuit  breaking 
device. 

If  a  circuit  breaker  is  to  serve  as  a  heat  protector,  it  ought 
to  operate  on  the  principle  of  an  "  inverse  time  element."  An 
automatic  device  should  act  quickly  on  a  large  overload  and 
very  slowly  on  a  small  overload,  defining  *'  overload"  as  the 
excess  of  current  above  the  value  at  which  the  device  would 
not  operate  during  any  length  of  time.  From  tlie  standpoint 
of  the  definitions  of  "  time  element,"  *'  inverae  time  element," 
and  "  overload,"  a  few  of  the  most  popular  breakers  will  be 
examined. 

The  mounting  of  a  copper  or  aluminium  disc  on  a  horizontal 
axis  in  a  rotating  field  lias  been  resorted  to  frequently  for  an 
inverse  time  feature.  A  weight  is  supported  by  a  fine  cord  on 
the  pivoted  horizontal  axis.  The  driving  torque  of  the  rotating 
field  just  balances  the  weight  under  normal  conditions.  In 
the  case  of  an  overload,  the  weight  is  raised  by  the  driving 
torque  and  in  its  motion  engages  two  contact  points  in  the 
tripping  circuit.  The  length  of  the  cord  finishes  an  adjustment 
for  the  time  element,  while  the  resultant  driving  torque  gives 
the  inverse  time  element.  The  magnitude  of  the  weight  lends 
the  adjustment  for  the  overload. 

This  method — the  winding  of  a  cord  on  a  spindle,  where 
the  weight  is  the  resisting  force — has  been  used  in  a  variety  of 
ways. 

The  "clock  type"  of  relay  consists  of  a  clock  mechanism 
which  is  released  by  an  armature  suspended  above  the  poles 
of  a  magnet.     The  magnet  is  energized  by  the  time  current. 

*  Thesis  presented  to  the  Faculty  of  the  Graduate  School  of  the  University 
of  Pennsylyania  in  partial  fulfilment  of  the  requirements  for  the  degree 
of  Ph.D. 
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The  circuit  of  the  tripping  element  is  completed  when  the 
armature  is  held  down  by  the  mao^net  and  then  only  after  the 
clock  has  unwound  a  preaetermined  amount.  This  contact,  in 
the  tripping  circuit,  effected  by  the  unwinding  of  the  clock,  is 
made  in  many  different  forms.  The  magnet  may  be  made  to 
operate  for  any  definite  current  depending  on  the  distance 
between  the  poles  and  the  armature.  The  time  between  the 
release  of  the  clock  mechanism  and  the  making  of  contact 
in  the  tripping  circuit  is  not  determined  or  affected  by  any 
particular  armature  setting,  but  rather  by  the  amount  of 
unwinding.     Here,  then,  we  have  no  inverse  time  element. 

The  amount  of  unwinding  for  any  particular  release  may  be 
varied  and  easily  adjusted  for  any  specified  time  to  trip.  If 
the  relay  is  set  to  release  the  clock  mechanism  at  200  amperes 
and  the  unwinding  adjusted  to  make  contact  in  2  seconds  after 
the  release,  the  circuit  will  open  in  2  seconds  provided  the 
line  current  remains  at  200  or  more  for  2  seconds. 

If,  however,  the  line  current  falls  below  200  before  the  2 
seconds  are  up,  the  armature  goes  back  and  hence  no  contact 
can  be  made  to  open  the  circuit.  This  is  not  a  desirable  relay. 
While  it  has  the  important  feature  of  operating  on  both  D.  C. 
and  A.  C,  it  has  no  resetting  element.  After  each  time  the 
contact  is  made,  the  clock  must  be  wound.  It  gives  little 
assurance  of  reliability  in  the  clock  mechanism  stopping  to 
unwind,  if,  during  the  predetermined  time  for  tripping, 
the  line  current  falls  below  the  value  necessary  to  enect  a 
release. 

Perhaps  the  most  popular  relay  with  an  adjustable  inverse 
time  element  is  the  bellows  type.  Here  the  actuating  mechan- 
ism consists  of  an  iron  core  in  a  solenoid  compressing  a  bellows 
in  its  upward  movement.  The  bellows  is  attached  to  the  upper 
end  of  the  iron  core.  There  is  an  adjustable  needle  valve  in 
the  bellows  for  controlling  the  escape  of  air.  A  retarding 
force  is  furnished  by  the  air  pressure  in  the  bellows.  The 
inverse  time  element  is  controlled  by  the  adjustable  valve. 
The  tripping  circuit  is  completed  by  a  ring  on  the  iron  core 
engaging  two  contact  pieces  in  its  upward  motion.  The  time 
element  adjustment  is  furnished  by  the  distance  between  the 
engaging  ring  on  the  iron  core  and  the  contact  pieces.  For  over- 
load adjustments  suitable  weights  are  placed  on  the  engao;ing 
ring.  This  is  both  a  D.  C.  and  A.  C.  relay.  A  variation  from 
this  particular  form  is  the  substitution  of  a  dashpot  for  the 
air  bellows.  This  shows  that  the  ordinary  plunger  circuit 
breaker  may  be  modified  by  attaching  to  the  iron  core  a  bel- 
lows or  dashpot,  thereby  getting  an  inverse  time  element 
attachment.  The  tripping  circuit  is  generally  separated  and 
energized  by  a  storage  battery.     In  this  investigation,  the  aim 
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was  not  only  to  study  the  time  functions  in  circuit  breakers 
now  in  use,  but  also  to  devise  additional  protective  methods. 

In  the  three  devices  described  above  the  operating  principle 
is  that  of  magnetism. 

V  With  the  exception  of  one  or  two  devices  where  the  expan- 
sion of  metallic  rods  is  used  for  completinjj  a  tripping  circuit, 
no  work,  having  heat  for  its  operating  principle,  seems  to  be 
recorded.  Attacking  the  problem  from  this  point  of  view,  the 
principle  of  the  Nernst  lamp  was  first  used.  The  amount  of 
current  in  the  glower  is  some  function  of  its  temperature.  If 
then  the  line  current  through  the  heater  heats  the  glower, 
and  at  a  certain  temperature  the  glower  allows  enough 
current  to  pass  through  its  shunt  from  the  line  to  energize  a 
tripping  magnet,  the  system  furnishes  a  good  inverse  time 
element.  For  the  higher  the  current  in  the  heater,  the  shorter 
will  be  the  time  necessary  to  heat  the  glower  to  the  required 
temperature. 

An  old  style  of  Nernst  heater  was  obtained  and  the  glower 
placed  on  the  inside.  Even  with  the  glower  in  this  position 
it  took  from  IJ  to  2  minutes  for  J  of  an  ampere  to  heat 
the  glower  to  the  temperature  required  for  operating  the 
tripping  magnet.  The  glower  and  the  magnet  in  series  were 
placed  in  shunt  with  the  heater.  The  time  for  heating  the 
glower  to  the  operating  point  was  too  long,  and  the  current 
used  too  high,  to  give  satisfaction. 

After  an  extensive  search  it  was  found  that  fused  lead  chro- 
raate  has  properties  similar  to  those  of  the  Nernst  glower.  In 
the  same  position  as  the  glower,  it  took  less  time  and  current 
to  operate  the  tripping  magnet.  The  behavior  of  the  chromate 
seemed  very  promising  and  hence  it  was  thought  profitable  to 
plot  a  curve  connecting  its  resistance  with  temperature. 

The  accompanying  aiagram  (fig.  1)  shows  the  connections  of 
the  apparatus  used  for  obtaining  the  data. 

HI  IS  the  electric  furnace  in  which  the  chromate  was  heated. 
The  temperature  was  determined  by  a  compensating  lead  type 
of  platinum  thermometer.  The  thermometer  was  connected 
to  the  ordinary  form  of  a  slide  wire  resistance  bridge  as  shown 
in  the  diagram.  G,  is  a  Leeds  and  Northrup  testing  galvanom- 
eter ;  S,  is  a  variable  standard  resistance  chosen  very  nearly 
equal  to  the  platinum,  so  that  the  balance  was  obtained  near 
the  center  of  the  bridge.  Pj  P,  C,  C,  are  the  terminals  of  the 
thermometer.  The  leads  from  these  terminals  to  the  bridge 
were  specially  constructed  for  this  purpose,  with  the  aim  of 
making  the  bridge  very  symmetrical  and  more  accurate. 

The  platinum  of  the  thermometer  was  incased  in  a  porcelain 
tube,  and  to  have  as  nearly  as  possible  a  correct  temperature 
of  the  chromate,  this  was  mounted  in  a  similar  way.  A  por- 
celain tube  F  of  about  the  same  size  as  that  of  the  thermome- 
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ter  was  used.    Into  this  tube  a  pipe-stem  CD  was  projected  to 
the  distance  shown  in  the  diagram. 
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Two  platinum  wires  were  fused  into  a  small  cylindrical  piece 
of  well-fused  lead  chromate  E.  The  piece  was  0*5*^™  long  and 
O'lS^"*  in  diameter.  This  was  suspended  from  the  end  of  the 
pipe-stem  with  one  wire  coming  through  the  stem  to  B  and 
fastened  with  furnace  cement  to  the  lower  end  of  the  stem. 
The  other  wire  was  conducted  out  between  the  stem  and  the 
tube  to  A.     The  latter  wire  was  fastened  to  tiie  outside  of  the 
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lower  end  of  the  stem  with  cement.  This  gave  a  firm  suspen- 
sion and  prevented  short-circuiting.  The  top  of  the  tube  was 
closed  with  cement,  care  being  taken  not  to  make  it  air-tight. 
The  platinum  wires  were  soldered  to  heavy  brass  bars  just  out- 
side the  tube. 

A  furnace  was  built  especially  for  the  purpose  of  heating  the 
chromate.  The  construction  is  very  similar  to  that  described 
in  the  Bulletin  of  the  Bureau  of  Standards  (vol.  vi,  No.  2, 
p.  160,  1909).  In  building  the  furnace  "Nichrome"  ribbon 
was  used  instead  of  platinum.  The  method  of  measuring  the 
resistance  of  the  chromate  was  that  of  comparison. 

In  the  figure,  Gj  is  a  Leeds  &  Northrup  type  K  galvanometer 
which  WH8  used  with  a  telescope  and  scale  at  a  meter's  distance. 
The  sensibility  of  this  instrument  is  446  megohms  with  a  resist- 
ance of  120  ohms.  An  Ayrton  shunt  was  used  in  connection 
with  it,  as  seen  in  the  figure.  S,  is  the  variable  standard  with 
which  the  resistance  of  the  chromate  was  compared. 

The  constants  of  the  thermometer  were  determined  and  are 
recorded  with  Table  I.  The  ordinary  formula  for  calculating 
the  temperature  from  the  change  of  resistance  and  tempera- 
ture coefficient  was  used. 

It  was  noted  that  when  the  chromate  was  heated  to  a  high 
temperature,  it  had  a  higher  resistance  after  cooling  than  it 
had  before  heating  it.  On  a  second  heating  to  a  temperature 
considerably  lower  than  the  first,  it  showed  little  or  no  vari- 
ation after  cooling.     At  room  temperature  it  was  very  stable. 

The  curve  given  in  fig.  2  was  obtained  from  a  piece  that  had 
been  heated  twice  for  several  hours  with  the  range  of  temper- 
ature used  for  the  curve.  Through  this  range  the  chromate 
has  a  very  large  negative  temperature  coefficient.  The  points 
on  the  curve  are  somewhat  irregular.  It  was  impossible  to 
determine  the  causes  of  all  the  variations  which  were  observed 
for  the  whole  range  of  temperature. 

When  the  switcii  was  on  A  and  B  with  L  open  and  the  chro- 
mate at  a  temperature  of  about  350°  centigrade,  the  galvanom- 
eter mirror  swung  to  the  extreme  right  of  its  zero  position  ;  at 
about  400°  to  the  extreme  left ;  at  475°  to  the  extreme  right 
again,  and  so  on  until  at  800°  there  had  taken  place  six  distinct 
reversals.  Some  of  these  movements,  especially  at  high  tem- 
peratures, were  quite  violent  and  off  the  scale.  On  cooling, 
the  reversals  were  repeated  in  reverse  order  at  about  the  same 
temperatures. 

The  curve  given  in  figure  2  was  obtained  by  impressing  an 
extra  E.M.F.  on  the  shunt  marked  sh  in  figure  I.  With  this 
E.M.F.  balanced  with  the  unknown  E.M.F.  in  the  circuit,  a  zero 
position  of  the  galvanometer  was  obtained.  L  was  now  closed 
and  a  reading  taken. 
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Table  I  (for  Fig.  2). 

Av.  defl.  Ay.  defl.                         Calculated  Average            Cal.  Cul. 
in  cm.  in  cm.                            resistance  reading            resist-  tern- 
Read-    for  the  for  Sj                 of  the  on  the  St    ance  of  per- 
ings    ohromate  Si                                 chromate  bridge              ther.  atnre 

1  0-23  81-0  4-91'7{10)*  1-75   (10)"  48-99  3  2-885  22-69 

2  0-33  80-95  4-917(10)"  1-206(10)*  60-06S  3  3-00?  34*80 

3  1-07  80-4  4-917(10)«  3-694(10)'  48*34  4  3-746  105-4 

4  6-69  8-08  4-91 7(10)'  6-930(10)*  50*46  6  6-09§  233-6 

5  8-73  10-91  3-99  (10)'  4-986(10)*  47-64  7  6-36S  365-3 

6  12-43        11-715  2(10)*     1-884(10)*     51-22        8     8-409     550-3 

7  1-25         2-37         10"  1-900(10)'     50*67        9     9-244     629-4 

8  12-57         6-785        10'  5-397(10)      60-525   11   11-23       819-0 

Constants  of  the  Platinum  Uiermometer, 

R^     =  2-642 Temperature  of  steam  was  100-32° 

R,     =  3-692 Average  barometer  was  30-37  inches 

R,oo  =  3-688 Fundamental  interval  =  1-046 

Temperature  coefficient  =:  -00397 
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A  piece  of  ehromate  similar  to  the  one  under  test  was 
prepared,  and  a  current  with  considerable  density  was  passed 
through  it  for  about  18  hours.  No  trace  of  transformation  or 
decomposition  could  be  found.  Time  did  not  permit  any 
further  investigation  of  the  causes  for  the  unstable  condi- 
tion of  the  ehromate  at  these  temperatures,  and  since  this 
behavior  did  not  warrant  its  use  for  a  protective  device,  the 
principle  of  the  Nernst  lamp  was  abandoned  for  the  time 
being.  The  ehromate  will  be  examined  again  in  the  near  future 
with  the  hope  of  obtaining  more  definite  data. 

The  original  problem  was  now  attacked  on  the  principle  of 
the  bolometer.     Figure  3  shows  the  general  plan  of  the  appa- 

Fig.  8. 
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ratus.  B,  is  the  battery  furnishing  the  bridge  current.  lY 
and  VG'  are  two  resistances  of  about  10  ohms  each  adjusted 
very  nearly  equal.  The  eight  arms  in  the  bridges  EF  and  DC 
were  adjusted  electrically  equal  as  nearly  as  possible.  Each 
arm  consisted  of  about  10  ohm^  resistance.  The  bridge,  then, 
as  a  whole,  balanced  for  a  wide  range  of  current,  and  remained 
so  for  any  variation  of  room  temperature.  B,  is  the  source 
used  to  heat  the  small  bridge  DC,  thereby  unbalancing  the 
large  bridge,  and  consequently  having  a  current  through  K. 
K  is  a  relay  which  contains  in  its  circuit  a  tripping  magnet. 
If  then  the  source  B,  were  shunted  off  the  line,  and  the  line 
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connected  with  the  tripping  magnet,  we  would  have  a  device 
for  breaking  a  circuit  for  an  overload  in  a  time  which  was 
some  inveree  function  of  the  current  in  the  line. 

On  account  of  its  high  temperature  coeflBcient,  iron  wire  was 
chosen  for  EF  and  DC.  The  wire  used  was  001'="  in  diameter. 
''  Advance"  wire  was  chosen  for  IV  and  VG'  on  account  of 
its  practically  zero  temperature  coefficient.     EF  and  DC  were 
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mounted  as  shown  in  figure  4.  See  also  fig.  6  for  an  end  view. 
Corresponding  letters  are  used  in  figures  3,  4,  and  6.  K,  L, 
M,  and  N,  fig.  4,  are  4  glass  discs  blown  on  the  small  tube 
G"H"  which  is  contained  in  the  larger  exhausted  tube  GH. 
The  discs  are  3-8'""  in  diameter.  The  distance  from  K  to  L  is 
ly.gcm..  fr^nf^  L  to  M  1-27'^";  and  from  M  to  N  17-8^".  The 
whole  length  of  the  tube  is  50'8*^'"*.  The  four  arms  in  DC,  figure 
3,  are  strung  on  the  discs  M  and  N,  figure  4,  as  shown  by 
the  dotted  lines.  Each  arm  taking  up  six  lengths,  has  its 
terminals  at  N.     An  end  view  of  the  aisc  with  the  binding 

Eosts  for  these  terminals  is  shown  in  figure  6.    The    brass 
inding  posts  E,  R,  etc.  are  fastened  to  a  plate  of  mica  which 
is  cemented  to  the  disc. 

Fig.  5. 


Small  glass  hooks  fused  to  the  edge  of  the  disc  support 
the  wires.  In  fig.  6  it  may  be  seen  how  one  wire  or  arm  is 
mounted.  One  end  is  permanently  fastened  to  C  and  the  wire 
stretched  for  six  lengths  from  disc  to  disc  and  also  permanently 
fastened  to  E.  The  loop  between  E  and  R  is  a  continuation 
of  tlie  wire  and  is  used  for  adjusting  it  equal  to  the  one  next 
to  it.  One  arm,  then,  is  included  between  C  and  R  ;  another 
one  between  R  and  D,  and  so  on.  The  other  end  of  the  tube 
is  similar  to  this,  with  the  exception  of  not  having  any  leads, 
such  as  AA',  tig.  6,  fused  into  the  glass  for  heating  the  bridge 
EF.  With  the  bridges  EF  and  DC,  fig.  3,  mounted  as  shown 
in  tig.  4,  and  the  tube  GH  exhausted  very  nearly  to  a  Crookes 
vacuum,  radiation  was  the  only  controlling  factor  for  the  heat 
in  EF  and  DC.  A  storage  cell  with  a  resistance  in  series  was 
used  to  furnish  the  bridge  current. 
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There  was  no  relay  at  hand  sensitive  enough  to  put  this 
apparatus  into  practical  eflEect,  and  since  a  working  theory  was 
the  main  point  aimed  at,  a  galvanometer,  as  a  detector,  was 
considered  suflScient.  A  curve,  showing  the  relation  between 
the  current  from  Bj  and  the  time  it  took  to  move  the  galva- 
nometer needle  7  divisions,  was  plotted.  See  fig.  7  for  this 
curve,  and  Table  II  for  the  data.  This  shows  a  good  inverse 
time  element.  With  B^  shunted  off  the  line  and  a  relay  in  the 
place  of  the  ^galvanometer,  we  would  have  a  working  scheme. 
It  was  predicted  that  the  time  required  to  effect  a  certain 

Fio.  6. 
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throw  in  the  galvanometer  could  be  shortened  by  placing  a 
reflector  over  tne  tube  GH.  For  this  purpose  the  tube  was 
exhausted  so  as  to  get  rid  of  convection  currents.  A  nickel- 
plated  sheet  of  copper  in  cylindrical  form  was  used  as  a  reflector. 
The  reflector  was  mounted  on  a  sliding  frame  OP,  fig.  4.  For 
an  end  view  see  fig.  5.  With  the  same  currents  from  B,  and 
B,  as  were  used  for  obtaining  the  curve,  no  difference  in  time 
reauired  to  effect  a  certain  throw  could  be  detected  as  the 
renector  was  moved  along  the  tube.  This  arrangement  gave 
no  "time  element'*  adjustment  and  hence  the  reflector  was 
abandoned. 

The  bridge  current  used  was  0*065  amperes  and  the  heating 
current  ranged  from  this  to  about  twice  the  amount.  The 
heating  current  was  furnished  by  a  storage  battery  with  a 
variable  resistance  in  series. 

In  the  frame  OP,  figure  4,  in  the  place  of  the  reflector  there 
was  placed  a  wire  heater  of  cylindrical  form.  See  figure  5  for 
an  end  view.     The  dots  on  the  inner  circumference  represent 
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Table  II  (for  Fio.  7). 


HeRting  current 

Time  in  sec 

in  one  arm  in 

for  7  div. 

Readings 

milliamperes 

deflection 

1 

62-0 

13-4 

2 

68-0 

8-6 

3 

70-7 

8-2 

4 

77-0 

6-1 

5 

861 

4-6 

0 

92-4 

4-0 

1 

100-0 

3-3 

8 

110-0 

3-0 

9 

121-2 

2-4 

10 

130-0 

2-1 

11 

146-0 

1-8 
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Table  III  (for  Curve  IV,  Fio.  8). 


Time  in  sec. 

Current 

Heater 

for  2  cm. 

in  the  heater  in 

idings 

setting  in  cm. 

deft. 

milliamperee 

1 

27-55 

.... 

118-5 

2 

28-00 

154-4 

118-2 

3 

28-10 

.     1020 

119-5 

4 

28-30 

62-8 

119-4 

5 

28-50 

450 

119-2 

6 

29-00 

30-3 

1191 

7 

29-60 

25-6 

119-3 

8 

3000 

21-4 

119-6 

9 

30-60 

18-8 

120-2 

10 

31-00 

16-5 

120-0 

11 

31-50 

16-0 

119-3 

12 

32-00 

15-0 

119-5 

13 

32-50 

14-0 

119-6 

14 

3300 

14  0 

119-2 

15  33-50  13-9  119-8 

the  wires,  which  are  also  shown  by  the  full  lines  in  figure  4. 
The  battery  B  was  now  abandoned  and  the  heater,  joined  in 
series  with  a  variable  resistance,  connected  across  a  110- volt 
circuit.  For  different  settings  or  positions  of  the  heater  over 
one  arm  of  the  bridge,  curves  were  plotted  connecting  the  cur- 
rent in  the  heater  with  the  time  for  deflecting  the  galva- 
nometer coil  a  certain  number  of  divisions.  See  figure  8  for 
these  curves  and  Tables  III  and  IV  for  the  data.  For  all 
these  curves,  the  bridge  current  was  very  constant  at  0-1 
ampere.  Curve  IV  connects  the  time  with  different  settings  of 
the  heater  along  one  arm  of  the  bridge.  The  curve  is  parallel 
to  the  X-axis  for  the  last  three  points  or  settings.  These  were 
positions  when  the  heater  was  off  one  arm  and  oaly  moving 
over  the  other.  As  seen  in  Table  III,  the  heating  current  for 
this  curve  was  nearly  constant. 

It  was  interesting  to  note  that  the  electrical  center  for  the 
heater,  i.  e.,  the  position  of  symmetry,  was  only  three  milli- 
meters away  from  the  measured  center. 

It  was  noticed  that  there  was  a  considerable  time  lag  in  the 
starting  of  the  galvanometer  coil  after  the  heater  switch  was 
closed.     In  Table  IV,  for  curve  III,  this  lag  is  recorded. 

This  lag  seems  to  indicate  that  the  glass  tube  absorbed  the 
radiation  from  the  heater,  thereby  raising  its  temperature. 
This  would  lessen  the  radiation  from  the  arm  in  the  tube  and 
hence  raise  its  temperature.  The  change  of  resistance  in  the 
arm  effected  in  this  way  gave  rise  to  current  in  the 
galvanometer.  This  means  that  the  current  in  the  gal- 
vanometer is   a   function   of  the   difference   of    temperature 
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between  the  arm  and  the  tube.  This  also  explains  why 
the  reflector  sliowed  no  effect  in  time  for  small  deflec- 
tions as  it  was  moved  over  the  arm.  The  glass  absorbed 
most  of  the  radiation  from  the  arm  and  hence  the  reflec- 
tor had  no  appreciable  function  to  perform.  The  ap- 
paratus   was    very   sensitive    and  yet  differential.     Touching 
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the  tube  with  the  hand  was  sufficient  to  unbalance  the  bridge 
to  the  extent  of  deflectinff  the  galvanometer  as  high  as  20*^'"*. 
It  was  also  very  reliable,  for  it  was  possible  to  reproduce  any 
points  on  the  curves  at  any  time.  If  the  plan  of  having  the 
heater  on  the  outside  of  the  tube  is  pursued,  the  construction 
is  very  much  simplified.     The  space  inside  the  tube  may  be 


Table  IV. 

For  Curve  I 

For  Curve  II 

For  Curve  III 

Heater 
current 
in  milli- 
amperes 

600 

Time  in 
sec.  for 
2«'n  defl. 

Heater 
current 
in  milli- 
amperes 

Time  in 
sec.  for 
2^^  defl. 

Heater 
current 
in  milli- 
amperes 

Time  in 
sees,  for 
a*™  defl. 

Time 
lag. 

1 

220-0 

27-0 

196-6 

20-0 

226-7 

6-0 

2 

66-9 

172-4 

29-1 

166-6 

23-0 

160-6 

9 

3 

73-1 

160  0 

35-8 

112-4 

26-6 

124-8 

5-8 

4 

83-4 

107-0 

45-0 

73-7 

31-0 

92-7 

5-6 

6 

95-4 

82-0 

61-0 

69-6 

35-0 

74-8 

5-0 

6 

105-1 

63-0 

61-0 

46-0 

41-0 

61-8 

6 -5 

7 

114-8 

52-4 

67-0 

39-2 

49-2 

441 

3-9 

8 

120-6 

48-6 

70-6 

36  6 

66-0 

37-0 

3-8 

9 

124-6 

45-0 

790 

32-0 

60-6 

31-6 

4-0 

10 

127-9 

41-5 

85-5 

28-2 

09-8 

27-0 

3-6 

11 

95-3 

24-8 

79-0 

23-5 

3-2 

12 

101-4 

230 

94-0 

19-1 

3-2 

18 

106-0 

21-3 

102.6 

16-8 

3-4 

14 

113-6 

19-7 

1100 

16-7 

3  0 

16 

124-5 

17-8 

122-0 

14-4 

3-2 

16 

. 

128-6 

170 

1285 

13-8 

3-0 

made  much  smaller.  All  that  is  needed  in  the  resistance  is 
that  EF  and  DC  as  a  whole  shall  be  equal. 

Since  the  object  of  this  paper  was  to  study  the  time  interval 
only  from  the  experimental  standpoint,  there  are  no  quantita- 
tive results  given,  which  would  be  necessary  for  the  construc- 
tion of  a  practical  relay. 

I  wish  to  tiiank  Professor  A.  W.  Goodspeed  for  the  liberal 
allowances  he  made  me  in  building  the  special  apparatus 
required,  and  permitting  me  to  draw  freely  from  the  resources 
of  the  laboratory. 

I  also  acknowledge  my  indebtedness  to  Dr.  R.  H.  Hough, 
who  gave  me  many  valuable  suggestions,  and  was  always  ready 
for  consultation  even  to  the  point  of  investigation. 

Randal  Morgan  Laboratory  of  Physics, 

University  of  Pennsylvania,  May  2,  1910. 
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Abt.  XXXIII. — On  Some  Herderite  Crystals  from  Auburn^ 
Maine  ;  by  W.  E.  Fobd. 

Herderitb  is  a  rare  fluo-phosphate  of  beryllium  and  calcium, 
Ca[Be(F,OH)]PO„  in  whicn  the  fluorine  is  replaced  in  varying 
amounts  by  the  hydroxyl  group.  A  variety,  in  which  there 
was  only  a  very  little  or  no  fluorine  present,  was  described  by 
Penficld,  who  suggested  the  name  hyaro-herderite  for  this  type 
and  the  name  hydro-fluor-herderite  for  the  more  usual  occur- 
rence in  which  both  hydroxyl  and  fluorine  occur.*  The  mineral 
was  first  described  from  the  tin  mines  of  Ehrenfriedersdorf, 
Saxony,  on  specimens  that  were  obtained  prior  to  1825.  It 
was  later  discovered  at  Stoneham,  Maine,  and  has  since  been 
found  at  the  neighboring  localities  of  Auburn,  Hebron,  Paris 
and  Greenwood.  It  has  also  recently  been  noted  on  specimens 
from  Epprechtstein,  richtelgebirge,'Bavaria.t 

The  crystals  from  the  original  American  locality,  Stoneham, 
were  described  by  E.  S.  Dana  as  belonging  to  the  orthorhombic 
sy8tem.:|:  Later  Penfield  found,  on  studying  crystals  from 
f^aris,  Maine,  that  they  showed  the  symmetry  of  the  mono- 
clinic  system  with  an  axial  inclination,  however,  of  sensibly 
90°.§  He  proved  that  the  Stoneham  crystals  were  in  reality 
penetration  twins  with  the  base,  <?(001),  as  twinning  plane  yield- 
ing pseudo-orthorhombic  individuals.  He  further  showed  that 
the  crystals  from  Paris,  Maine,  belonged  to  the  hydro-herderite 
variety  and  gave  slightly  different  crystal  constants  than  the 
hydro-fluor-herderite  from  Stoneham. 

The  twin  crystals  so  far  observed,  with  only  a  few  excep- 
tions, have  shown  no  external  evidences  of  twinning,  being  in 
appearance  strictly  orthorhombic.  Kecently,  however,  the 
Brush  Mineral  Collection  acquired  from  Mr.  Lazard  Cahn  a 
suite  of  specimens  from  Mt.  Apatite,  Auburn,  Maine,  that 
included  not  only  simple  crystals  of  unmistakably  monoclinic 
symmetry,  but  also  twin  ci^stals,  which  through  prominent 
reentrant  angles  and  by  unequal  development  of  the  two  indi- 
viduals showed  clearly  their  twinned  character. 

These  crystals  varied  somewhat  in  size  but  most  of  them 
averaged  about  one-half  inch  in  their  thickest  part.  They 
were  colorless  or  white  and  were  in  part  clear  and  transparent, 
and  in  part  cloudy  and  translucent.  The  following  forms  were 
on  them :  h  (010),  c  (001),  m  (110),  e  (302),  t  (032),  v  (031),  q  (332). 
n  (331),  n  (331),  r  (121),  g  (343),  h  (634).  These  forms  have  all 
been  observed  before  with  the  exceptions  of  y(343)  and 
A  (634).     The  form  r  (I21)  had  only  been  described  on  crystals 

♦This  Jonrnal,  xlvii,  829,  1894.  tCentralbl.  Min.,  294,  1908. 

X  This  Journal,  xxvii,  229,  1884.  g  Loc.  cit. 
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from  Greenwood.  Figure  1  is  an  idealized  representation  of 
the  forms  on  a  simple  crystal,  but  shows  them  as  nearly  as 
possible  in  their  characteristic  development.  The  crystals  were 
all  elongated  parallel  to  the  clino-axis  and,  with  one  exception, 
showed  only  the  faces  at  one  end  of  this  axis.  The  crystals 
were  frequently  broken  and  distorted  in  their  development,  as 
is  shown  by  figures  2  and  3.     Figure  3  is  of  a  very  small  crys- 


Fio.  1. 


Fig.  2. 


Fig.  8. 


tal,  but  one  which  was  better  adapted  for  measurement  than 
the  larger  individuals  and  which  was  also  unique  in  that  it 
showed  portions  of  the  negative  pyramid  v  (I21)  at  the  nega- 
tive end  of  the  clino-axis. 

The  most  prominent  faces  on  the  crystals  were  the  clino- 


Fig.  4. 


Fig.  5. 


domes  ^(032)  and  ?)(031),  the  pyramids  y  (332)  and  n  (331),  and 
the  negative  pyramids  g  (343)  and  r  (121).  The  base  c  (001)  and 
the  ortho-dome  ^(302)  were  always  present,  but  only  as  small 
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and  narrow  truncations.  The  prism  7/2.(110)  was  usnally  seen 
as  an  exti'emely  narrow  face.  The  pinacoid  &(010)  was 
observed  on  only  one  or  two  crystals.  The  negative  pyramid 
n  (S31)  was  commonly  small  but  of  good  quality.  The  new 
negative  pyramid  A  (634)  was  ordinarily  much  etched  and 
curved  and  in  most  cases  quite  minute  in  size.  The  other 
negative  pyramids,  g  (S43)  and  r  (121),  were  of  good  size,  but 
chai-acteristically  striated  and  curved. 

Figures  4  and  5  show  the  twin  crystals.  Figure  4  shows 
the  various  forms  in  characteristic  development,  but  it  has 
been  drawn  with  ideal  s^'mmetr^.  Figure  5  attempts  to  show 
one  of  the  twin  crystals  accordm^  to  its  actual  development. 
Most  frequently,  as  is  shown  in  hgnre  5,  one  of  the  twin  indi- 
viduals is  larger  and  better  developed  than  the  other.  The 
faces  in  the  reentrant  angle  are  commonly  etched  and  more  or 
less  curved.  Oscillation  from  one  pyramid  to  another  is 
common. 

The  new  forms  were  determined  by  a  comparison  of  the  fol- 
lowing calculated  and  measured  angles,  the  theoretical  values 
having  been  derived  from  the  constants  given  by  Penfield. 
The  measured  angles  given  were  derived  from  the  measure- 
ment of  the  best  crystal. 

Calculated.  Measured. 

c(OOl)  :  h  (634)  =  46°  58'  46°  38' 

«(J<31)  :  h  (634)  =23°  44'  23°  51' 

A  (634)  :  A' (034)  =25°     1'  24°  48' 

g  (343)  :  g'  (343)  =  50°     C  50°  29' 

The  agreement  between  calculated  and  measured  angles  is 
not  as  complete  as  could  be  desired,  but  considering  the  poor 
quality  of  the  faces  is  reasonably  close.  In  the  case  of  A  (634) 
the  evidence  of  the  three  different  angles  given  leaves  no 
doubt  but  that  the  correct  symbol  has  been  assigned  to  the 
form.  In  the  case  of  g  (343)  the  one  angle  taken  together  with 
the  fact  that  it  clearly  lies  in  the  zone  with  J  (010)  and  r(l21), 
was  thought  to  establish  its  identity.  The  rare  form,  r(l21), 
was  established  by  the  following  measurement: 

Calculated.  Measured. 

r(l21)  :  r'  (l21)  =69°  56'  69°  56' 

The  quality  of  the  crystal  faces  was  variable.  In  the  case 
of  certain  forms  and  on  particular  crystals  the  character  of  the 
signals  obtained  on  the  reflection  goniometer  was  excellent. 
With  other  forms,  however,  on  account  of  their  vicinal  develop- 
ment and  the  ptriations  upon  them,  the  measured  angles  could 
only  be  considered  approximate.  When  the  more  reliable 
angles  were  studied,  however,  it  was  found  that  in  general  they 
were  intermediate  between  the  theoretical  values  derived  in 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  190.— October,  1911. 
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one  case  from  the  crystal  constants  given  by  Dana  and  in  the 
other  from  those  given  by  Penfield.  The  variation  between 
the  measured  and  calculated  angles  was,  however,  commonly 
less  when  the  Penfield  angles  were  used.  The  following  table 
giving  the  measured  and  calculated  values  of  the  more  trust- 
worthy angles  will  illustrate  these  points. 


Theory-Dana. 

Measured. 

Theory-Penfie 

c  : 

e 

46°  40' 

46°   30' 

46°  26' 

b  : 

m 

58°   ]2' 

67°  60' 

67°  46f 

q 

q 

47°  52' 

48°    13' 

48°   22' 

c  , 

n 

67°  2/ 

67°   18' 

67°  20' 

c 

t 

32°  25' 

32°  38' 

32°  40' 

Penfield  has  suggested  that  the  variation  observed  in  the 
measured  angles  was  due  to  the  difference  in  composition,  the 
crystals  measured  by  Dana  being  hydro-fluor-herderites  and 
containinff  several  per  cent  of  fluorine,  while  those  measured 
by  Penfield  were  hydro-herderites  and  contained  no  fluorine. 
If  this  idea  is  correct  the  present  crystals,  arguing  from  the 
close  relationship  of  their  angles  to  the  hydro-herderite  of  Pen- 
field,  should  be  near  at  least  the  hydro-herderite  in  composition 
and  contain  only  a  small  per  cent  of  fluorine.  This  was  an 
interesting  point,  and  in  order  to  determine  it  enough  of  one 
specimen  was  sacrificed  to  permit  the  making  of  an  estimation 
of  the  percentages  of  fluonne  and  water  present.  The  results 
gave,  F  =  6-04:,  11,0  =  3-62.  These  percentages  did  not  agree 
with  what  had  been  expected.  They  showed  that  the  present 
crystals  were  hydro-fluor-herderites  and,  as  far  as  these  two 
determinations  can  show,  that  they  are  closely  related  to  the 
Stoneham  material  from  which  Dana  derived  his  constants. 
These  results  would  show  that  if  the  crystal  angles  Vary  at  all 
with  the  variation  in  the  percentages  of  the  fluorine  and 
hydroxyl,  the  change  is  much  less  than  Penfield  thought  prob- 
able. It  is  likely  that  the  angles  obtained  by  him  from  the 
hydro-herderite  of  Paris,  Maine,  are  very  closely  correct  for  all 
varieties  of  the  mineral.  The  angles  derived  by  Dana  from 
measurement  of  the  Stoneham  crystals  were  not  wholly  to  be 
relied  upon,  as  he  says  in  his  original  description  :*  ''  Consider- 
able difficulty  was  found  in  obtaining  satisfactory  fundamental 

angles because  the  planes  seldom  afforded  sharp,  well- 

dehned  reflections." 

Mineralogieal  LAboratory  of  the  Sheffield  Scientific  School 
of  Yale  University, 
New  Haven,  Conn.,  June,  1911. 

*Loc.  cit. 
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Art.  XXXIV. — Mineral  Notes  from  the  Mineralogical  Laho- 

raiory  of  the  Sheffield  Scientific  Schod. 
L  Note  on  some  Analyses  of  Stihiotantalite  ;  by  W.  E.  Ford. 

In  1906  the  late  Prof.  S.  L.  Penfield  published  with  the 
present  writer  an  article  on  stihiotantalite.*  It  was  concerned 
chiefly  with  the  description  of  crystals  from  Mesa  Grande,  San 
Diego  County,  California.  In  it,  however, were  included  two 
analyses  of  the  mineral.  The  two  samples  analyzed  were  dis- 
tinguished from  each  other  by  marked  differences  in  specific 
gravity.  This  variation  in  the  specific  gravity  made  it  of 
interest  to  determine  the  relative  amounts  of  the  tantalum  and 
niobium  oxides  in  each  sample.  An  attempt  was  therefore 
made  to  estimate  the  proper  proportions  of  each  oxide  present. 
As  no  very  satisfactory  method  had  ever  been  devised  for 
making  a  quantitative  separation  of  these  oxides,  a  new  method 
was  proposed  and  used  in  making  the  determinations.  Briefly 
this  method  consisted  in  taking  the  specific  gravity  of  the 
mixed  oxides  obtained  in  the  analysis  of  the  mineral  and  com- 
paring this  value  with  the  specific  gravities  of  the  pure  tantalic 
and  niobic  oxides.  Time  and  material  failed,  however,  to  ena- 
ble the  proper  systematic  study  of  the  method  to  be  made. 
Sufficient  work  was  done,  however,  to  prove  that  the  relation- 
ship existing  between  the  specific  gravities  of  the  pure  oxides 
and  any  given  mixture  could  be  at  least  approximately  expressed 
diagram matically  as  a  straight  line  with  the  specific  gravities  of 
the  pure  oxides  as  its  terminal  points.  It  was  on  this  assump- 
tion that  the  percentages  of  the  two  oxides  were  determined  in 
the  analyses  given  in  the  article  referred  to  above.  The  state- 
ment was  made,  however,  that  as  the  method  had  not  been 
thoroughly  proven,  the  results  could  only  be  accepted  as 
approximately  correct. 

Recently  Foote  and  Langley  have  made  a  detailed  study  of 
this  method.f  They  found  that  the  relationship  between  the 
specific  gravities  of  the  pure  oxides  and  that  of  the  various 
mixtures  of  the  two  could  not  be  represented  by  a  straight  line 
but  rather  by  a  somewhat  irregular  curve  which,  however, 
does  not  depart  anywhere  very  far  from  the  path  of  the  straight 
line.  The  oxides  apparently  form  a  solid  solution  with  each 
other  and  do  not  exist  together  simply  as  a  mechanical  mixture. 
The  authors  give,  however,  a  table  of  tlie  specific  gravities  for 
various  mixtures,  and  from  it,  by  proper  interpolation,  the  rel- 
ative proportions  of  the  two  oxides  in  any  mixture  can  be  very 
closely  estimated. 

In  view  of  this  recent  work  it  seemed  of  interest  to  review 
and  correct  the  analysis  made  by  the  writer,  and  also  to  add  for 

*  This  Joarnal,  xxii,  61,  1906.  \  This  Journal,  xxx,  393,  1910. 
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comparison  a  new  analysis  given  by  Foote  and  Langley.  The 
different  analyses  follow,  the  values  in  brackets  being  the  orig- 
inal values  given  by  Penfield  and  the  writer.  It  will  be  noted 
that  the  correction  has  involved  a  change  of  about  two  per  cent 
in  each  case.  The  ratios  given  are  derived  from  the  corrected 
values. 
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//.    On  a  Rhodonite  (Fotnlerite)  Crystal  from  Franklin^ 
N,  J.  ;  by  W.  E.  Ford  and  R.  D.  Cbawfobd. 

The  Brush  Mineral  Collection  recently  acquired  through 
Mr.  Lazard  Cahn  two  specimens  of  crystallized  rhodonite  from 
Franklin,  N.  J.  The  crystals,  while  showing  in  general  the 
characteristic  habit  of  rhodonite  from  this  locality,  were  uncom- 
monly rich  in  planes  and  were  of  suflSciently  good  quality  to 
admit  of  measurement  on  the 
reflection  goniometer.  One  of 
the  specimens,  which  was  a  de- 
tached crystal,  was  studied  in 
detail.  Since  the  results  showed 
the  presence  of  one  new  face  and 
of  another  that  has  been  listed  as 
a  doubtful  form,  it  seemed  worth 
while  to  publish  a  figure  with  a 
brief  description  of  the  crystal. 

The  crystal,  represented  as 
nearly  as  possible  in  its  time  pro- 
portions and  development  in  fig. 
1,  measures  about  2^*"  in  its  great- 
est dimension  parallel  to  the  h 
crystal  axis  and  about  I'S^"  par- 
allel to  the  c  axis.  The  forms 
present  are  as  follows  :  a  (100), 
6(010),  c(OOl),  m(llO),  J/(1I0), 
/i(401),p(201),  y(221),  ni(Ill), 
;fe(221),  *(I41),  r(IIl),  ;(4J3}, 
n(22l),  and  also  #c(221)  and 
v{QHy  The  last  form  v(Oil) 
has  never,  so  far  as  has  been  dis- 
covered,been  previously  recorded 
on  rhodonite.  It  occurred  as  a 
small  face,  and  because  of  its 
poor  quality  did  not  give  a  very 
sharp  signal  when  metisured  on  Fig.  1.  Rhodonite,  Franklin, N.J. 
th6  goniometer.    Its  identity  was 

however  established  by  the  fact  that  it  lay  clearly  at  the  inter- 
section of  two  well-defined  zones  on  the  crvstal,  namely, 
J(OlO)-6*(001)-J(010),and  J/(ll0)-n((22l)-:j/(I10).  The 
angle  c  (001) : 'V(OJl)  was  measured  as  accurately  as  possible, 
giving  77°  35' ;  calculated,  77°  5*'. 

The  pyramid  k  (221)  has   been  described  by  Hamberg  as 
occumng  on  rhodonite  from  the  Harstigen  mine  near  Pajs- 
berg,  Sweden.*     As,  however,  the  measured  angle  of  (?(001) : 
*  Geol.  For.  F5rh.,  xiii,  565,  1891. 
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Fig.  2. 


«(22l)  varied  by  1}°  from  the  calculated  angle,  the  form  has 
been  listed  as  doubtful  by  Hintze.*  The  same  form,  however, 
undoubtedly  occurs  on  this  crystal  from  Franklin  and  should 
therefore  be  considered  as  definitely  established.  Its  iden- 
tification rests  mainly  on  the  fact  that  it  was  proven  to  lie  at 
the  intersection  of  the  two  zones:  a  (100)— ^2.(221)— a  (lOO), 
and  M (lIO) - c  (001)-  J/  (IlO).  The  following  measurements, 
although  not  showing  as  close  an  agreement  with  the  calcu- 
lated values  as  could  be  desired,  nevertheless  serve  to  confirm 
the  identity  of  the  form. 

c  (001)  :  K  (2§1)  =  57°  50'  measured  ;  67°  0'  calculated. 
a  (100)  :  k(221)  :  40°  50'  measured;  41°  12'  calculated. 

///.  On  a  BrooJcite  CrystalfTom  Cornpanhia^  Lengoea^  Bahia^ 
Brazil ;  by  W.  E.  Ford  and  Freeman  Ward. 

A.  suite  of    brookite   crystals   from   Companhia,   Lengoes, 
Bahia,  Brazil,  was  recently  presented  to*  the  Brush  Mineral 

Collection  by  Dr.  H.  S.  Wash- 
ington. One  of  the  best  devel- 
oped of  these  crystals  was  stud- 
ied, and  as  eleven  different  forms 
were  identified  upon  it,  it  was 
thought,  because  of  this  com- 
plexity of  development,  to  be 
worthy  of  a  short  note. 

The  crystal  was  thinly  tabular 
parallel  to  the  macropinacoid, 
measuring  about  0*8*^™  vertically 
and  O'S*^™  in  the  horizontal  direc- 
tion. The  macropinacoid  faces 
were  vertically  striated,  but  the 
other  faces  in  .the  prism  zone 
and  the  faces  of  the  terminal 
forms  were  sharply  developed 
and  possessed  a  brilliant  luster. 
The  following  forms  were  iden- 
tified :  «(1o6),  c(001),  iV^(710), 
Xr(410),  Z(210),  m(llO),  y(104'), 
rf(048),  2f(021),  3(112),  ^(122). 
Fig.  2  shows  the  crystal  in  ideal 
development  but  drawn  so  as  to  represent  as  nearly  as  possible 
the  true  proportions  and  relations  of  the  different  forms. 

Mineralogical  Laboratory  of  the  Sheffield  Scientific  School 
of  Yale  University,  New  Haven,  Conn., 
June  1,  1911. 

*  Handbuch  der  Mineralogie,  ii,  1153. 
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Fig.  2.     Brookite,  Brazil. 
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Art.  XXXV.— 7%«  Twenty-Foot  Tei-race  and  Sea-Cliff  of  the 
Lower  Saint  Lawrence  ;*  by  James  Walter  Goldthwait. 
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Introduction, 

Among  the  raised  beaches  which  border  the  Saint  Lawrence 
estuary  in  southern  Quebec,  one  is  so  conspicuous  and  so 
peculiar  that  it  deserves  especial  attention.  It  is  a  strongly 
cut  sea-cliff  and  terrace  which  stands  hardly  20  feet  above  the 
present  sea  level.  Although  this  is  a  much  more  maturely 
developed  shoreline  than  the  higher  beaches  which  mark  the 
work  of  the  "Champlain"  sea,  on  the  one  hand,  or  the  faint 
l)each  which  marks  the  modern  high  tide  level,  on  the  other, 
the  twenty-foot  terrace  and  cliff  seem  to  have  excited  little 
interest.  This  is  probably  due  in  large  measure  to  the  fact 
that  the  few  investigators  of  the  Champlain  deposits  who  have 
worked  in  this  field  have  been  so  intent  upon  tracing  the  high- 
est level  of  marine  submergence  that  they  have  passed  by  the 
lower  strand  as  a  feature  or  comparatively  little  significance. 
Tlie  only  recognition  of  the  twenty-foot  terrace  which  the 
present  writer  has  found,  in  the  literature  on  the  surface 
geology  of  this  region,  appears  in  Sir  William  Loj^an's  "  Geol- 
ogy."t  It  is  there  stated,  presumably  on  the  authority  of  Sir 
William  Dawson,  who  collaborated  in  the  writing  of  the 
chapter  on  surface  geology,  that 

"At  Riviere  du  Loup,  the  shells  of  Mya  and  Telllna  are  found 
imbedded  in  the  sand  and  disintegrated  shale  of  an  ancient  beach 
only  a  few  feet  above  the  present  sea  level.  Similar  beaches, 
which  Peldom  attain  more  than  fifteen  feet  above  high- water  mark, 

•Published  by  permission  of  the  Director  of  the  Geological  Survey  of 
Cauada. 

t  Geology  of  Canada.  Report  of  progress  of  the  Geological  Survey  of 
Canada,  from  its  commencement  to  1863.     Montreal,  1863,  p.  921. 
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are  met  with  in  many  localities  along  this  southern  shore,  from 
Riviere  du  Loup  to  the  Magdalen  River.  A  low  terrace,  about 
five  feet  above  the  highest  tides,  and  averaging  about  100 
yards  in  breadth,  extends,  with  a  few  interruptions,  from 
Kimouski  to  Whale  Cape,  a  distance  of  seventy-five  miles.  It 
is  composed  of  sand,  gravel,  and  broken  shells,  and  makes  a 
good  roadway,  as  well  as  a  productive  soil.  'J'he  shells  in  this 
terrace  are  of  the  same  species  as  now  inhabit  the  adjacent 
waters.  Besides  these,  bones  of  the  whale  and  the  morse  have 
been  found  partially  imbedded  in  this  deposit,  in  several  places 
between  Bic  and  Matanne.  At  Ste.  Anne  des  Monts,  five  or  six 
terraces  rise  one  above  another  to  a  height  of  about  twenty-five 
feet  above  the  sea.  All  of  them  abound  in  fragments  of  shells, 
belonging  to  the  common  littoral  species." 

This  statement,  half  concealed  by  the  detailed  information 
on  Champlain  or  "  post-Tertiary  "  deposits,  with  which  several 
pages  are  filled,  escaped  close  attention  from  the  present 
writer,  when  looking  over  the  literature,  before  entering  the 
field,  in  June,  1910.  The  more  detailed  reports  of  the  late 
Dr.  R.  M.  Chalmers,*  although  full  of  references  to  marine 
terraces  at  heights  of  from  200  to  800  feet,  gave  no  hint  of  an 
important  terrace  at  so  low  a  level.  The  discovery  of  this 
conspicuous  sea-cliff  and  bench,  on  the  second  day  of  field 
work,  came  therefore  as  a  complete  surprise. 

The  importance  of  the  twenty-foot  terrace  rests  mainly  upon 
these  facts:  it  is  a  mature  shoreline,  while  the  extinct  shore- 
lines above  it  and  the  modern  one  below  it  are  comparatively 
infantile  ;  it  extends  over  a  wide  area,  certainly  more  than  225 
miles  down  the  Saint  Lawrence  from  Quebec,  and  presumably 
around  a  considerable  part  of  the  adioining  coast  of  the  Gulf. 
The  significance  of  the  terrace,  as  will  be  shown  in  the  follow- 
ing pages,  consists  in  the  possibility  that  it  marks  a  long  period 
of  slow  coastal  subsidence,  which  followed  the  first  great  emer- 
gence from  the  Champlain  sea,  and  which  was  itself  followed 

*  R.  N.  Chalmers  :  On  the  glaciatiozi  and  Pleistocene  subsidence  of  north- 
em  New  Brunswick  and  southeastern  Quebec.  Transactions  of  the  Royal 
Society  of  Canada,  vol.  iv,  sec.  iv,  1887,  pp.  180-l4o. 

Pleistocene  marine  shorelines  on  the  south  side  of  the  Saint  Lawrence 
Valley.     This  Journal  (4),  vol.  1,  pp.  802-:i08,  1896. 

Surface  geology  and  auriferous  deposits  of  southeastern  Quebec.  Geo- 
logical Survey  of  Canada,  Annual  Report,  vol.  x,  part  J,  No.  670,  1898. 

Surface  geology  of  the  southern  part  of  the  province  of  Quebec.  Geo- 
logical Survey  of  Canada,  Summary  Report  of  the  Director  for  1903,  pp. 
140-143. 

Surface  geology  of  eastern  Qoebec.  Ibid.,  Summary  Report  for  1904,  pp. 
250-263. 

The  geomorphic  origin  and  development  of  the  raised  shorelines  of  the 
Saint  Lawrence  Valley  and  the  Great  Lakes.  This  Journal  (4),  vol.  xviii, 
pp.  175-179,  1904. 

Surface  geology  of  the  Saint  Lawrence  Valley.  Geological  Survey  of 
Canada,  Summary  Report  of  the  Director  for  1907,  pp.  69-71. 
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by  a  slow  elevation  of  20  feet.  A  brief  description  of  the  f nil 
series  of  Cham  plain  beaches  will  first  be  given,  in  order  to 
emphasize  the  unique  character  of  the  twenty-foot  strand. 
Two  working  hypotheses  to  explain  the  peculiar  strength  of  this 
terrace  will  then  be  presented;  and  a  number  of  reasons  will 
be  given  for  the  view  that  the  post-glacial  movements  of  the 
coast,  in  southern  Quebec,  have  consisted  in  an  uplift,  a 
subsidence,  and  a  second  uplift. 

The  Raised  Beaches  of  the  Lower  Saint  Lawrence. 

The  Higher  Beaches, 

The  elevated  shorelines  along  the  south  side  of  the  Saint 
Lawrence,  below  the  city  of  Quebec,  are  as  a  rule  very  weak 
in  topographic  expression.  This  weakness  is  especially  notice- 
able near  the  upper  limit  of  submergence.  In  most  places  the 
utmost  care  is  required  to  select  the  critical  horizontal  line  which 
marks  the  highest  stand  of  the  sea  since  the  ice  as^e.  During 
the  course  of  the  field  season  of  1910,  this  upper  limit  of  sub- 
mergence was  measured  at  fifteen  localities  on  the  south  shore 
between  Matane  and  Quebec.  At  many  of  these  localities  the 
highest  beach  is  hardly  more  than  an  upper  limit  to  stratified 
sands.  Even  where  it  possesses  definite  form,  such  as  a  low 
beach  ridge  or  a  hooked  spit,  this  feature  cannot  be  traced  far 
before  it  disappears  more  or  less  completely  against  a  hillside 
where  the  slope  or  the  structure  of  the  ground  was  originally 
unfavorable  to  the  development  of  a  distinct  beach. 

At  not  a  suigle  place,  during  the  season  of  1910,  was  the 
highest  shoreline  found  to  consist  of  a  sea-cliff  and  wave-cut 
terrace.  This  was  a  source  of  surprise  for  two  reasons  :  because 
of  the  long-standing  use  of  the  word  "terrace"  in  the  literature 
on  the  beaches  of  this  region ;  and  because  there  are  strongly- 
cliffed  shorelines  around  the  borders  of  the  extinct  lakes  Algon- 
quin and  Nipissing,  where  one  might  expect  less  vigorous  wave 
action  and  less  definite  shore  topography  than  along  the  borders 
of  a  great  estuary  like  the  Saint  Lawrence. 

The  inference  to  be  drawn  from  the  weakness  of  the  highest 
marine  beach  is  either  that  the  upwarping  began  almost  imme- 
diately after  the  withdrawal  of  tlie  ice  and  the  opening  of  the 
estuary  to  the  sea,  or  that  it  began  while  the  ice  still  fingered 
in  the  region,  and  was  already  in  progress  when  the  estuary 
was  opened. 

Traces  of  wave  work  along  the  south  coast  of  the  Saint 
Lawrence  were  found  at  all  altitudes  below  the  upper  limit  of 
submergence.  Contrary  to  expectation,  again,  there  proved  to 
be  no  shoreline  below  the  highest  one,  with  the  exception  of 
the  twenty-foot  strand,  which  possesses  enough  individuality 
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of  character,  enougli  strength  of  expression,  or  enough  conti- 
nuity to  indicate  a  long  stand  of  the  sea  at  any  level.  Distinct 
beach  fragments  were  found  at  all  altitudes,  in  such  places  as 
were  peculiarly  favorable  in  exposure  to  the  open  sea,  or  in 
supply  of  beach  material.  This  is  believed  to  indicate  that  the 
emergence  of  the  Saint  Lawrence  valley  from  the  Champlain 
sea  was  not  accomplished  by  spasmodic  uplifts,  separated  by 
intervals  of  repose,  but  was  fairly  steady  and  continuous. 
Observations  on  the  marine  beaches  near  the  New  York  line, 
at  Covey  Hill,  recently  led  Prof.  H.  L.  Fairchild  to  the  same 
conclusion  as  that  here  stated.  On  the  other  hand,  Professor 
Daly,  in  his  description  of  the  raised  beaches  of  Newfoundland 
and  Labrador,  is  inclined  to  take  the  view  that  the  general  lack 
of  harmony  between  measurements  on  the  lower  beaches  is 
due  to  local  conditions  masking  more  or  less  perfectly  the 
effects  of  spasmodic  uplifts.* 

While  tnere  are  above  the  twenty-foot  level  no  shorelines 
that  are  conspicuous,  it  is  rather  generally  true  that  in  compar- 
ing higher  beaches  with  lower  ones,  in  any  locality,  one  finds 
freater  distinctness  and  continuity  of  form  at  the  lower  levels, 
'his  is  due  partly,  no  doubt,  to  the  fact  that  on  an  emerging 
coast,  througn  the  off-shore  movement  of  beach  material  and 
the  re-working  of  that  material  at  lower  and  lower  levels,  lower 
shorelines  inherit,  to  some  degree,  the  straightness  and  strength 
of  their  predecessors.  The  prevalence  of  sandy  beaches  below 
and  gravelly  beaches  above  points  likewise  to  a  re- working  of 
beach  debris  as  tlie  waters  drew  down  the  slope.  It  is  possible, 
however,  that  this  increase  in  topographic  strength  towards 
lower  levels  is  due  in  part  to  a  slower  rate  of  emergence  as 
elevation  progressed  and  as  conditions  of  stability  were  ap- 
proached. 

The  Twenty-foot  Terrace  and  Sea-cliff, 

In  marked  contrast  with  the  weak  beaches  at  higher  levels, 
the  shoreline  which  stands  20  feet  above  the  sea  is  strong  and 
continuous.  Although  it  was  not  practicable  for  my  party  to 
follow  the  shoreline  continuously  along  the  coast,  it  was  found 
at  so  many  places,  so  strongly  developed,  and  with  so  nearly 
uniform  an  altitude  that  there  could  be  no  doubt  of  its  virtual 
continuity  from  Quebec  eastward  at  least  as  far  as  Matane, — a 
distance  of  225  miles.  At  only  three  points  of  those  we  visited 
on  the  south  shore,  namely.  Saint  Simon,  Riviere  Ouelle,  and 
Montniagny,  was  the  twenty-foot  terrace  and  sea-cliff  absent. 
At   each   of  these   places  our  search  was  limited  to  a  short 

*  R.  A.  Daly,  The  Geology  of  the  Northeast  Coast  of  Labrador.  Bull. 
Mns.  of  Comp.  Zool.,  vol.  xxxviii,  1902,  pp.  205-278,  and  especially  pp. 
252-254. 
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stretch  of  coast,  where  the  conditions  were  unfavorable  for 
cliff  and  terrace  development,  because  of  ragged  ledges  of 
slate  in  the  first  two  instances,  and  of  delta  deposits  at  the 
mouth  of  the  Saint  Thomas  River  in  the  third  case.  Every- 
where else  the  low  terrace  and  cliff  were  very  prominent. 
Further  evidence  of  the  extent  of  the  terrace  was  found,  after 
returning  from  the  field,  in  the  Admiralty  charts  of  the  Lower 

Fio.  1. 
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Fio.  1. —  Index  map  of  the  Lower  Saint  Lawrence:    1  Qaebeo,  2  Beaa- 

Jort,  8  L'Ange  Gardien,  4  Chatean  Richer,  5  Sainte  Anne  de  Beaupr^,  6  Saint 
oachim,  7  Cape  Tonrmente,  8  Levis,  9  Saint  Michel,  10  Saint  Valier,  11 
Montmagny,  12  L'lslet,  13  Saint  Jean  Port  Joli,  14  Sainte  Anne  de  Lapoca- 
tiere,  15  River  Onelle,  16  Elbonlements,  17  Bay  Saint  Paul.  18  Isle  aux  Condres, 
19  Murray  Bay,  20  Tadoussac,  21  Kamouraska,  22  FraservlUe,  28  Cacouna,  24 
Isle  Verte,  25  Troia  Pistoles,  26  Saint  Simon,  27  Saint  Fabien,  28  Bic,  29 
Sacre  Coeur,  30  Rimouski,  81  Little  Metis,  32  MacNider's,  38  Sandy  Bay, 
34  Riviere  Blanche,  85  Matane,  86  Whale  Cape,  37  Sainte  Anne  des  Monts, 
38  Cape  Magdalen,  89  Gasp^. 

Saint  Lawrence,  especially  in  the  excellent  charts  which  have 
recently  been  published.* 

*  Of  the  older  charts,  published  in  London,  by  the  Admiralty,  the  most 
helpful  are  No.  807,  which  was  published  in  1901,  and  Nos.  818,  814,  and 
315,  in  1890.  Of  the  later  charts,  prepared  by  the  Department  of  the  Naval 
Service  of  Canada,  at  Ottawa,  No.  202,  of  the  coast  from  Razade  Islands  to 
White  Island,  published  in  1910,  and  No.  201,  of  the  coast  from  White  Island 
to  Orignaux  Point,  published  in  1908,  are  very  rich  in  detail.  Other  charts 
are  now  in  preparation. 
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In  the  city  of  Quebec  the  twenty-foot  terrace  is  occupied  by 
a  part  of  the  "  Lower  Town,"  and  is  rather  obscure.  A  few 
miles  east  of  the  city,  however,  both  terrace  and  searclifE 
appear,  near  Beauport,  and  extend  with  little  interruption  past 
Chateau  Richer,  Sainte  Anne  de  Beaupr6,  and  Saint  Joachira, 
and  presumably  to  Cape  Tourmente.  For  most  of  the  dis- 
tance between  Beauport  and  Saint  Joachim  the  sea-cliff  is  in 
full  sight  from  the  trolley  line  of  the  Quebec  Light  and  Power 
Company.  It  is  a  precipitous  bank,  from  20  to  50  feet  high, 
cut  in  glacial  drift.  While  its  course,  instead  of  being  straight, 
is  gently  curved,  there  are  no  marked  irregularities,  neither 
headland  nor  strong  reentrant.  It  is  a  typical  mature  coast. 
From  the  foot  of  the  cliff  the  terrace  slants  gently  outward  for 
several  hundred  yards  to  the  present  high-tide  mark,  and  con- 
tinues, in  the  form  of  half-submerged  mud  flats,  for  an  e<]ual 
distance  offshore.  Its  total  width,  from  the  foot  of  the  cliff 
to  the  outer  edge  of  the  flats,  ranges  from  half  a  mile  to  a  mile 
and  a  half.  Both  cliff  and  terrace  are  plainly  shown  on  chart 
number  315  of  the  Admiralty. 

A  view  southward  from  Chateau  Richer  or  Sainte  Anne 
shows  a  corresponding  terrace  and  cliff  on  Orleans  Island. 
According  to  the  Admiralty  chart  it  is  almost  continuous 
around  the  island.  On  the  north  shore  the  only  interruption 
is  at  a  reentrant  near  Point  Argentenaye,  where  the  wave-cut 
sea-cliff  would  be  expected  to  pass  into  a  bay-head  beach. 
The  straightness  of  the  twenty-foot  shoreline  appears  to  be  as 
marked  on  the  island  as  it  is  on  the  Beau  port-Saint  Joachim 
shore;  the  terrace,  however,  is  not  so  wide.  On  the  south 
side  of  Orleans  Island  the  chart  shows  a  nearly  continuous 
cliff,  behind  and  above  the  modern  beach,  from  one  end  of  the 
island  to  the  other ;  but  it  is  more  irregular  in  outline,  and 
the  terrace  is  much  narrower. 

Across  the  channel,  on  the  south  shore  of  the  Saint  Law- 
rence, scraps  of  sea-cliff  appear  on  the  chart  a  few  miles  east 
of  Levis,  behind  Indian  Cove,  and  in  the  vicinity  of  Saint 
Michel.  A  wide  break  occurs  in  the  reentrant  at  the  mouth 
of  River  Boyer ;  but  the  cliff  seems  to  appear  again  beyond 
Saint  Valier.  Although  the  Saint  Thomas  River,  at  Mont- 
magny,  has  built  a  delta  of  considerable  size  at  the  present 
level,  no  well-defined  twenty-foot  delta  level  was  found  here. 
From  here  northeastwai'd  to  L'Islet,  the  shore  is  protected  by 
a  long  island  known  as  Goose  Island.  The  Admiralty  chart 
(No.  315)  shows  a  cliff  on  the  north  side  of  this  island,  near  its 
east  end,  where  exposure  to  wave  action  is  most  severe.  On 
the  main  land  a  similar  cliff  appears  a  few  miles  down  the 
estuary,  near  Anse  a  Pierre  Jean  (Chart  No.  31*1:).  This  cliff, 
which  according  to  the  chart  lies  not  far  behind  the  modern 
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beach,  yet  distinctly  above  high  tide  mark,  occurs  interruptedly 
along  the  ten-mile  stretch  from  Saint  Jean  Port  Joli  to  Saint 
Koche  Point.  A  few  miles  beyond  the  month  of  Kiviere 
Ferr^e,  the  cliff  appears  again,  and  extends  on  past  Sainte 
Anne  de  la  Pocatiere.  At  this  place  the  twenty -foot  terrace  is 
a  mile  wide,  sloping  almost  imperceptibly  from  the  foot  of  the 
bluff  near  the  College  down  to  the  water's  edge,  where  a  long 
dike  shuts  off  the  low  marsh  from  the  high  tides.  Beyond 
the  dike,  mnd-flate  extend  out  into  Sainte  Anne  Bay  as  far  as 
the  eye  can  see.  According  to  the  chart  (No.  314)  the  out- 
going tide  exposes  two  miles  of  flats,  and  beyond  low-tide  mark 
flats  less  than  one  fathom  deep  i-each  to  a  distance  of  five  miles 
from  shore.  This  extreme  width  of  tidal  flats  is  due  largely, 
no  doubt,  to  sediment  brought  down  by  JRiviere  Onelle. 

On  the  north  side  of  the  Saint  Lawrence,  the  chart  shows 
cliffing  above  and  behind  the  modern  beach  at  Bay  Saint  Paul, 
Eboulements  Bay,  Cape  Martin,  Goose  Cape,  and  especially 
encircling  the  shore  of  the  great  Isle  aux  Coudres.  Beyond 
Goose  Cape  no  suggestion  is  to  be  found,  on  the  chart,  of  a 
twenty-foot  terrace  on  the  north  shore. 

Beyond  Point  Saint  Denis,  on  the  south  shore,  the  mud-flats 
have  a  width  of  fully  three  miles.  Near  Kamouraska  two- 
thirds  of  this  shallow  coastal  shelf  is  laid  bare  at  low  tide.  As 
Kamouraska  Island  the  entire  terrace,  three  miles  wide,  is 
covered  and  bared,  alternately,  by  the  incoming  and  outgoing 
tides.  Cliffs  not  far  behind  the  modern  beach,  south  of  Kam- 
ouraska, seem  from  the  chart  to  mark  the  inner  border  of  the 
twenty-foot  shelf.  This  is  plainly  the  case  near  Fraserville, 
where  a  great  tidal  marsh  occupies  the  reentrant  at  the  mouth 
of  the  River  du  Loup. 

At  Cacouna,  the  first  point  on  the  south  shore  visited  by  the 
writer  in  1910,  the  terrace  and  sea-cliff  are  very  distinct.  The 
terrace  here,  at  high  tide,  appears  to  be  merely  a  narrow  shelf 
behind  the  modern  beach.  At  low  tide,  however,  it  can  be 
seen  extending  out  through  shallow  water  for  more  than  a 
mile,  as  far  as  Cacouna  Island.  The  importance  of  so  strong  a 
shoreline,  although  suspected  when  it  was  first  seen,  was  not 
appreciated  until,  on  the  following  day,  a  similar  display  of 
cliff  and  terrace,  at  the  twenty-foot  mark,  was  found  at  Trois 
Pistoles,  25  miles  east  of  Cacouna,  and  on  the  next  day  a  still 
more  striking  occurrence  of  it  at  Bic,  35  miles  east  of  Trois 
Pistoles.  These  observations,  coming  so  rapidly  at  the  begin- 
ning of  the  field  season,  quickly  disposed  of  the  suspicion  that 
the  beach  at  Cacouna  might  owe  its  extraordinary  strength  to 
local  conditions. 

A  stretch  of  the  twenty-foot  terrace  and  cliff  near  Isle  Verte 
is  very  well  shown  on  the  recently  published  chart  No.  202. 
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Fio.  2.     Map  of  the  coast  near  Isle  Verte  and  Trois  Pistoles  (based  upon 
Chart  202  of  the  Naval  Service  of  Canada). 
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The  long  island,  Ijing  a  mile  and  a  half  oflE-shore,  is  partly 
separated  from  the  mainland  at  low  tide  by  a  narrow  tongue 
of  water;  mud-flats  occupy  the  rest  of  the  interval.  At  the 
north  end  of  the  island,  off  the  mouth  of  Kiviere  Verte,  the 
delta  of  this  river  laps  out  across  the  channel,  connecting  the 
island  to  the  south  shore  (see  figure  2).  From  the  village  of 
Isle  Yerte  northeastward  for  six  miles  to  Point  a  la  Loup,  a 
straight  line  of  "  earth  cliffs  50  to  100  feet  high"  is  shown  on 
the  chart,  lying  from  one-fourth  to  one  mile  inland  from  the 
modern  beach.  The  Intercolonial  Railway,  here,  approaches 
close  to  the  brink  of  the  bluff,  and  affords  a  plain  view  of  the 
terrace  which  lies  at  the  foot  of  it.  A  profile  of  the  shelf, 
drawn  to  scale  from  chart  No.  202,  at  this  place,  emphasizes 
the  extreme  flatness  of  this  terrace,  which  runs  out  three  and  a 
half  miles  to  reach  a  depth  of  five  fathoms.  The  ebb  tide  lays 
bare  nearly  two  miles  of  flats  (see  profile  C-D  in  figure  3). 


Fig.  3. 


B 


Fig.  3.     Profiles  of  the  twenty-foot  terrace,  constructed  from  Chart  202  • 
A-B  at  Trois  Pistoles  ;  C-D  near  Isle  Verte.  ' 

At  Trois  Pistoles  the  cliff  and  terrace  lie  along  the  north  edge 
of  the  village.  From  the  shore  the  old  cliffs  can  be  seen 
stretching  eastward  with  gentle  curvature  for  two  miles  or 
more.  ISot  far  beyond,  near  St.  Simon,  a  long  range  of  rocky 
ridges,  rising  to  altitudes  of  400  to  500  feet,  forms  a  coast 
where  instead  of  mature  sea-cliffs  the  waves  seem  to  have  been 
able  only  to  build  pocket  beaches  among  the  ledges  at  the 
inner  edge  of  the  shelf.  The  coast  from  here  past  Saint 
Fabien  is  bold,  and  the  shelf  is  narrow,  until  it  approaches 
Bic. 

Across  the  Saint   Lawrence,  at  the  mouth  of  the  Saguenay, 
no  distinct  marks  of  wave  work  at  the  twenty-foot  level  were 
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discovered,  although  there  is  a  delta-like  shoal  of  considerable 
size  at  the  present  level,  overlooked  by  freshly  cut  cliffs  which 
are  over  200  feet  high. 

At  Bic  wide  tidal  flats  find  their  shoreward  extension  in  a 
terrace  some  200  yards  wide,  which  rises  to  the  foot  of  a  fine 
straight  sea-cliff  (see  fig.  5).  The  contrast  between  the  weak 
low  bluff  at  the  present  high-tide  mark  and  the  great  cliff  at 
the  twenty-foot  level  is  very  striking.  A  view  of  the  terrace, 
taken  from  the  top  of  the  bluff  shown  in  fig.  5,  and  looking  in 

Fig.  4. 


Fig.  4.  The  shore  at  Trois  Pistoles.  The  ebb  tide  lays  bare  a  wide  expanse 
of  mud-flats,  over  which  large  bowlders  are  plentifully  scattered.  They  are 
probably  ice-rafted.  The  weakness  of  wave  action  at  the  modern  high-water 
mark  is  indicated  by  the  thin  shingle  beach  in  the  foreground,  with  salt 
marsh  vegetation  on  its  seaward  margin. 

nearly  the  opposite  direction,  may  be  seen  in  Salisbury's  High 
School  Physiography.* 

About  four  miles  beyond  Bic,  the  Intercolonial  Railway 
descends  from  the  upland  to  the  coastal  shelf,  and   remains 

♦R.  D.  Salisbury  :  Physiography  for  High  Schools,  Briefer  Course,  1908, 
figure  27G.  The  photograph  is  entitled  **  A  coastal  flat,  village  of  Bic,  Que- 
bec," and  is  attributed  to  the  U.  S.  Geological  Survey. 
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there  antil  it  is  within  a  short  distance  of  Rimouski.  Near 
Saer6  Coeiir  station  one  gets  a  good  view  of  the  old  shoreline. 
On  one  side  is  the  precipitous  sea-cliflE  over  40  feet  high ;  on 
the  other,  a  wide,  half-submerged  shelf,  strewn  with  great 
bowldere.  Just  west  of  Sacre  Coeur  the  cliflE  has  been  cut  far 
back  into  the  fissile  slate  which  outcrops  in  this  district,  and 
here  it  attains  its  maximum  height,  about  120  feet.  (See  fig.  6.) 
At  Rimouski  the  railway  has  again  ascended  to   the   higher 

Fig.  5. 


Fig.  5.  The  twenty-foot  terrace  and  sea-cliff  at  Bic.  The  village  stands 
at  the  top  of  the  old  cliff.  A  schooner  is  beinpj  built  on  the  twenty-foot 
terrace,  in  the  middle  distance.  The  contrast  between  the  strong  sea-cliff  at 
the  higher  level  and  the  indistinct,  marshy  beach  at  the  modern  high-tide 
mark  is  very  striking. 

ground,  but  lies  not  far  from  the  top  of  the  old  sea-cliff.  The 
old  cathedral  and  mission  buildings,  on  the  main  street  of  the 
village,  stand  close  to  the  foot  of  the  bluff,  but  well  above  the 
reach  of  high  tides.  Off-shore  are  broad  mud-flats  like  those 
at  Bic  and  Cacouna.  The  cliffs  extend  eastward  from  the 
village  fully  two  miles,  to  the  pier,  in  a  long  graceful  curve. 
In  order  to  reach  deep  water,  even  in  a  favorable  situation, 
the  pier  runs  out  nearly  half  a  mile.     Although  the  old  cliffs 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  190.— October,  1911. 
23 
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are  from  30  to  50  feet  high,  there  is  hardly  a  sign  of  wave 
work  at  the  high-tide  mark;  the  fresh-water  marsh  of  the 
terrace  passes  gradually  outward  and  downward  into  salt- 
marsh  and  mud-flats.  The  infantile  condition  of  the  modern 
shoreline  is  quite  as  striking  as  the  full  maturity  of  the  higher 
one. 

Opportunity  was  found,  on  the  journey  from  Little  Metis  to 
Matane,  to  follow  the  old  sea-clifE  continuously  for  more  than 

Fig.  6. 


Fig.  6.  The  old  sea-cliff  aboat  four  miles  east  of  Bie.  The  Intercolonial 
Railway  lies  on  the  tweoty-foot  terrace  close  to  the  foot  of  the  cliff,  which 
is  here  over  120  feet  high. 

25  miles.  Although  undeveloped  at  Mac  Nidor's,  where 
ledges  and  obscure  beaches  occur  at  the  twenty-foot  mark,  the 
cliff  appears  a  few  miles  beyond,  near  Sandy  Bay.  From 
here  on,  the  carriage  road  runs  along  the  terrace,  hugging 
rather  closely  to  the  present  beach,  at  the  outer  edge  of  the 
terrace,  but  now  and  then  drawing  near  the  foot  of  the  old 
sea-cliff,  where  an  ancient  headland  forms  a  blunt  projection 
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between  long  crescentiforin  re-entrants  in  the  cliff  line. 
Looking  seaward  from  the  road,  across  the  low  beach  that 
marks  the  upper  reach  of  modern  storm  waves,  one  sees  a 
wide  expanse  of  mud-flats,  through  which  appear  here  and 
there  the  truncated  edges  of  upturned  shale  and  sandstone 
layers, — as  pretty  an  illustration  of  marine  planation,  inter- 
rupted by  uplift,  as  one  could  wish.  Bowlders  are  plentifully 
scattered  over  the  shelf,  from  half-tide  mark  outward  (see  fig. 

Fig.  7. 


Fig.  7.     The  old  sea-cliff  and   twcDty-foot  terrace  at   Rivifere  BlaDche, 
abont  ten  miles  west  of  Matane. 

7),  and  seem  to  have  reached  their  present  positions  by  ice- 
rafting  during  the  spring  break-up.  Even  if  observations  on 
the  twenty-foot  terrace  were  wanting  elsewhere,  a  day's  drive 
along  the  foot  of  the  ancient  sea-cliflEs  from  Little  Metis  to 
Matane  would  convince  an  observer  of  the  importance  of  this, 
the  lowest,  of  the  elevated  strands.  According  to  Dawson,* 
this  terrace  continues  as  far  as  Whale  Cape,  and  reappears,  40 
miles  beyond,  at  Sainte  Anne  des  Monts.  While  nothing 
seems  to  be  known  about  it  on  the  east  and  south  sides  of  the 

*In  Logan's  Geology  of  Canada,  1863. 
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Gaspe  Peninsula,  it  is  quite  probable  that  future  exploration 
of  that  region,  and  of  the  adjoining  coast  of  New  Brunswick, 
will  show  that  the  extent  of  the  strand  southward  is  as  great 
as  its  extent  in  the  Saint  Lawrence  estuary;  for  in  the  Saint 
Lawrence  it  maintains  an  approximately  uniform  altitude  for 
more  than  200  miles,  along  a  line  which  runs  almost  directly 
up  the  incline  of  the  Champlain  geoid  snrface.  Although  at 
Matane  the  altitude  of  the  Champlain  beach  is  174  feet,  and 
near  Quebec,  632  feet,  the  altitude  of  this  low  ten-ace  is  prac- 
tically the  same  at  both  places,  and  at  all  intermediate  points 
where  measurements  have  been  made.  This  is  shown  in  the 
table  below.* 

L'Ange  Gardien 1 4-16  feet 

Trois  Pistoles 14-19     ** 

Saint  Simon beach  at  1 7  feet 

Bic 19-21  feet 

Sacr6  Coeur  20-23     " 

Rimouski 22  " 

Little  Metis beach  at  19  feet 

MacNider's 20-22  feet 

Riviere  Blanche 15-17     " 

A  strongly  marked  terrace  at  about  the  height  of  this  one 
has  been  reported  at  several  distant  places  by  other  observers. 
In  describing  the  elevated  marine  terraces  of  the  island  of 
Anticosti,  Mr.  W.  H.  Twenhofel  statest  that  the  lowest  ter- 
race, which  stands  from  8  to  15  feet  above  high  tide  mark, 
nearly  surrounds  the  island.  Its  average  width  is  about  a 
quarter  of  a  mile ;  and  its  maximum  width,  over  two  miles. 
Prof.  R.  A.  Daly,  in  his  description  of  the  beaches  of  the 
Labrador  coast,  mentions  an  exceptionally  strong  shoreline  not 
far  above  the  sea,  at  West  Bay,  Hamilton  Inlet.  According 
to  his  account,  "there  was  a  comparatively  long  halt  in  the 
process  of  elevation  when  the  sea  level  was  about  thirty-five 
feet  above  its  present  position ;  at  that  time  there  was  devel- 
oped a  distinct  bench.";]:  Although  Hamilton  Inlet  is  about 
600  miles  northeast  of  Matane,  the  occurrence  of  a  particu- 
larly strong  shore  terrace  at  this  low  level  is  rather  suggestive 

*  The  measurement,  tiDless  otherwise  indicated,  is  the  altitude  of  a  wave- 
cut  terrace  at  the  foot  of  a  bluff.  Where  a  beach  was  measured^  the  crest 
of  it  was  taken.  The  datum  plane  is  local  high  tide  mark,  as  registered  by 
the  line  of  flotsam  on  the  beach.  This,  at  Sacre  Coeur,  waa  found  to  be 
four  feet  above  mean  tide,  and  three  feet  below  the  mark  of  storm  waves  at 
high  tide.  The  high  tide  surface  is  of  course  somewhat  irregular ;  and  this 
maj  account  for  much  of  the  discrepancy  in  the  altitudes  here  given. 

f  W.  H.  Twenhofel  :  Geological  bearing  of  the  peat  beds  of  Anticosti 
island.     This  Journal  (4),  vol.  xxx,  pp.  65-71.     1910. 

JR.  A.  Daly:  Geology  of  the  northeast  coast  of  Labrador.  Bull.  Mus. 
of  Comp.  Zool.,vol.  xxxviii,  pp.  205-273,  especially  p.  266.     1902. 
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of  an  extension  of  the  twenty-foot  terrace  of  the  Lower  Saint 
Lawrence,  with  increasing  altitude  in  that  direction. 

Sir  William  Dawson,  in  the  passage  cited  from  Logan's 
"Geology  of  Canada,"  reports  the  discovery  of  the  bones  of 
the  whale  and  the  morse  in  the  gravels  of  the  twenty-foot 
terrace,  at  several  points  between  Eimouski  and  Matane. 
Althongh  the  present  writer  was  not  fortunate  enough  to  find 
fossils  of  that  nature,  small  shells  of  common  gastropod  and 
lamellibranch  species  were  found  to  be  rather  abundant.  Care 
had  to  be  used,  however,  to  eliminate  shells  which  might  have 
been  ploughed  under,  after  the  fields  had  been  fertilized  with 
seaweed. 

In  order  to  distinguish  this,  the  strongest  of  the  marine 
strands  of  the  Lower  Saint  Lawrence,  from  the  higher  beaches, 
it  seems  desirable  to  find  a  name  for  it.  The  phrase  "Twenty- 
foot  terrace"  is  unsatisfactory  for  permanent  use,  since,  obvi- 
ously, this  shoreline,  when  explored  farther  in  the  maritime 
provinces,  will  be  found  to  depart  from  the  twenty-foot  alti- 
tude. Following  Dr.  J.  W.  Spencer's  usage  of  Indian  names 
for  the  strong  shorelines  of  the  extinct  lakes  "Algonquin"  and 
"Iroquois,"  the  name  "Micmac  shoreline"  is  here  proposed 
for  the  great  terrace  and  seacliflE  of  the  Lower  Saint  Lawrence, 
in  honor  of  the  great  tribe  of  Indians  who  originally  occupied 
southern  Quebec  and  Acadia,  and  whose  .survivors  to-day  add 
to  the  picturesqueness  of  the  more  remote  portions  of  the  coast. 
The  period  of  time  during  which  the  Micmac  terrace  and  cliflE 
were  cut  will  be  called  the  "Micmac  stage." 

The  Significance  of  the  Micmac  Shoreline. 

The  Place  of  a  Cliff ed  Coast  in  Shoreline  Morphology, 

The  principles  underlying  the  development  of  such  a  cliflEed 
coast  as  this  ancient  one  at  the  twenty-foot  level  are  well  known. 
It  is  a  familiar  principle,  for  instance,  that  if  the  relative  level 
of  land  and  sea  remains  unchanged,  any  shoreline,  no  matter 
how  irregular  it  may  be  at  first,  will  become  straightened  or 
simplified  by  the  cutting  back  of  headlands  and  the  filling  in 
or  bridging  of  re-entrants  ;  and  further,  that  it  will  ultimately 
come  to  have  the  form  of  a  long  line  of  cliflb,  at  the  foot  of 
which  the  waves,  with  ever  diminishing  force,  encroach  upon 
the  land.  Obviously,  the  time  necessary  for  mature  cliffs  to  be 
formed  along  a  coast  depends  to  a  large  extent  upon  the  struc- 
ture of  the  ground  at  which  the  waves  are  cutting.  In  the 
case  of  the  mature  shores  of  Lake  Ontario  and  Lake  Erie,  the 
cliffs  have  been  cut  back  in  unconsolidated  glacial  drift,  and 
their  recession  has  consequently  been  rapid.  On  an  indented 
and  freshly  glaciated  coast,  like  the  fjord  coast  of  Maine,  it  is 
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doubtful  if  a  mature  outline  and  profile  could  be  reached  before 
the  relative  level  of  land  and  sea  would  be  changed  by  crustal 
deformation. 

In  seeking  to  interpret  the  significance  of  the  Micmac  terrace 
it  is  important  to  bear  in  mind  its  uniform  altitude  between 
Quebec  and  Matane.  The  approximate  horizon tality  of  the 
shoreline  for  226  miles  precludes  the  view  that  there  has  been 
a  local  change  in  high-tide  level.*  A  change  of  twenty  feet 
near  the  head  of  the  estuary  would  be  accompanied  by  a  rela- 
tively small  change  of  level  out  near  the  Gulf.  Moreover,  the 
configuration  of  the  coast,  near  Qasp6,  gives  no  suggestion  of 
any  barrier  which  could  have  lowered  the  high-tide  mark 
twenty  feet  in  recent  times. 

A  factor  in  cliflE  development  which  is  rather  seldom  empha- 
sized is  slow  coastal  subsidence.  Its  importance  was  recognized 
and  clearly  stated  by  Dr.  Gilbert  in  1883  f : 

''A  slow  and  gradual  submergence  modifies  the  products  of 
littoral  action.  The  erosion  of  sea-cliffs  is  exceptionally  rapid, 
because  the  gradually  deepening  water  upon  the  wave-cut  ter- 
races relieves  the  waves  from  the  task  of  carving  the  terraces,  and 
enables  them  to  spend  their  full  force  against  the  cliffs.  The  cliffs 
are  thus  beaten  back  before  the  advancing  tide,  and  their  precip- 
itous character  is  maintained  with  constant  change  of  position.^' 

The  truth  of  this  statement,  while  suflSciently  supported  by 
Doctor  Gilbert's  masterful  analysis  of  the  physics  of  wave  work, 
is  also  confirmed  by  observation.  It  is  not  unlikely  that 
Doctor  Gilbert  had  slow  submergence  in  mind  as  one,  at  least, 
of  the  reasons  for  the  marked  cliff  cutting  at  the  high-water 
marks  of  the  extinct  Lake  Bonneville.  In  the  Great  Lakes 
region  the  exceptional  strength  of  the  Nipissing  shoreline  and 
its  peculiar  cliff  and  terrace  profile  have  been  attributed,  not 
simply  to  the  greater  duration  of  that  stage,  but  to  the  fact 
that  it  was  preceded  by  a  prolonged  submergence,  due  to  the 
slow  uplift  of  the  Nipissing  pass,  which  was  then  the  outlet  of 
the  laKes.  Certainly,  if  on  the  one  hand  slow  submergence 
favors  cliff  cutting,  while  on  the  other  hand  slow  emergence 
hinders  it,  and  favors  beach  building,  there  is  no  lack  of  illus- 
trative material  among  the  extinct  shorelines  of  the  Great 
Lakes  region,  where  beach  ridges  commonly  mark  halts  during 
emergence,  and  extensive  cliffs  characterize  the  stages  of  climax 
during  submergence.^ 

*  See  papers  by  J.  W.  Dawson,  referred  to  in  later  notes,  especiaUy  :  On  a 
modem  sabmerged  forest  at  Fort  Lawrence,  Nova  Scotia.  Quart.  Jonrn. 
Geol.  Soc,  vol.  xi,  pp.  121-122,  1855. 

t  G.  K.  Gilbert :  The  Topogi-aphic  Features  of  Lake  Shores  ;  Fifth  Annual 
Report  of  the  U.  S.  Geological  Survev,  1883-1»84,  pp.  (57-123,  and  especially 
pp.  110-111. 

tJ.  W.  Goldthwait:  Physical  Geography  of  the  Evanston  Waukegan 
Region  ;  Illinois  State  Geological  Survey,  Bull.  No.  7,  1908,  pp.  66-68,  and 
figure  29. 
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It  may  confidently  be  said^  therefore,  that  while  a  mature 
cliffed  shore  will  result  from  prolonged  wave  action  on  any 
coast,  the  process  will  be  greatly  accelerated  if  that  coast  is 
sinking. 

Uypothesia  of  an  Interval  of  Stability  between  Tioo  Uplifts, 

With  the  foregoing  principles  of  shoreline  morphology  in 
mind,  we  may  frame  a  hypothesis  for  the  development  of  the 
Micmac  terrace  and  sea-clifE,  which  will  be  as  follows :  After 
the  shores  of  the  Saint  Lawrence  estuary  had  risen  differen- 
tially, without  interruption,  a  few  hundred  feet  out  of  the 
Champlain  sea,  uplift  ceased,  and  a  long  period  of  stability 
ensued.  During  this  period,  which  we  may  call  the  Micmac 
stage,  the  irregular  shoreline  was  straightened,  its  profile  was 
corrected,  and  a  line  of  cliffs  were  developed  and  cut  back  two 
or  three  miles  towards  the  interior.  At  length,  after  this  pro- 
digious cliff  recession  had  been  accomplished,  a  second  uplift 
occurred.  This  may  have  been  a  slow,  epeirogenic  movement, 
like  the  first  one ;  or,  perhaps,  a  sudden,  seismic  movement. 
If  epeirogenic,  it  may  still  be  in  progress. 

Examining  the  facts  more  closely,  with  this  hypothesis  in 
mind,  we  may  test  the  working  value  of  it. 

The  lengtli  of  time  required  for  the  cutting  back  of  the  cliffs 
so  far  into  the  land  is  very  great,  in  comparison  with  the  time 
required  to  build  any  one  of  the  weak  upper  beaches.  One  of 
these  might  have  been  constructed  by  a  single  storm  during 
the  period  of  emergence ;  the  Micmac  shoreline,  however,  with 
its  wide  off-shore  terrace,  plainly  represents  centuries  of  littoral 
marine  planation.  If  we  take  the  modern  shore  of  Lake  Mich- 
igan as  similar  in  character  to  the  Micmac  shore,  and  assume 
an  average  rate  of  recession  of  the  Micmac  cliffs  of  5  feet  per 
year,*  and  a  total  recession,  as  at  Isle  Verte  and  Trois  Pistoles 
(see  figure  3,  A  and  B),  of  3  miles,  the  Micmac  stage  lasted 
somewhat  more  than  3000  yeai's.  This  is  a  reasonably  small 
fraction  of  post-glacial  time,  as  inferred   from  the  history  of 

*  The  recessioTi  of  the  high  clay  cliffs  on  the  west  side  of  Lake  Michigan 
between  Milwaukee  and  Evanston^  as  computed  in  1868  by  Dr.  Edmund 
Andrews,  was  about  5  feet  per  year.  See  his  ^'  North  American  Lakes  con- 
sidered as  Chronometers  of  Post-glacial  Time/'  Transactions  of  the  Chicago 
Academy  of  Sciences,  vol.  ii,  pp.  1-23,  1870  (quoted  by  Frank  Leverett,  in 
*'  The  Illinoian  Glacial  Lobe,"  Monograph  No.  38  of  the  U.  S.  Geological 
Survey,  1899,  pp.  4o6-457).  While  the  height  of  these  modern  lake  cliffs  is 
about  the  same  as  the  height  of  the  Micmac  cliffs,  and  the  structure  of  the 
glacial  drift  which  composes  them  is  essentially  the  same  also,  the  terrace  of 
the  former  has  a  width  of  barely  two  miles  instead  of  three  or  four.  It 
seems  fair,  therefore,  to  regard  the  greater  width  of  the  Micmac  terrace  as 
compensating  for  the  greater  vigor  of  the  waves  iu  the  estuary,  if,  indeed, 
the  wave  action  in  the  Saint  Lawrence  is  any  stronger. 
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Niagara  Falls,  and  seems  consistent  with  commonly  accepted 
estimates. 

The  slope  of  the  Micmac  terrace,  from  the  foot  of  the  cliffs 
out  to  its  submerged  edge,  and  its  depth  there  below  the  Mic- 
mac water-plane,  are  significant.  Figure  3,  plotted  from  the 
chart  No.  202  (see  tig.  2),  shows  the  profile  of  the  Micmac  ter- 
race at  Isle  Verte  and  Trois  Pistoles.  It  will  be  seen  that  the 
outer  edge  of  the  terrace  lies  close  to  the  3-fathom  line.  Since 
the  tidal  range  is  about  16^  feet  at  Trois  Pistoles,  the  outer 
edge  of  the  terrace,  at  present,  is  covered  by  about  35  feet  of 
water  at  high  tide.  When  the  Micmac  cliffs  were  being  cut 
back,  and  the  water  stood  about  20  feet  higher  than  now,  the 
outer  edge  of  the  terrace  was  between  50  and  60  feet  under 
water  at  high  tide.  Considering  that  this  was  3  miles  off-shore, 
50  or  60  feet  does  not  seem  excessive  for  the  position  of  the 
wave  base ;  in  other  words,  it  might  be  expected  that  the  waves 
would  cut  downward  50  or  60  feet  on  the  shelf,  while  they  cut 
forward  3  miles  into  the  coast.  The  profile  can  consistently 
be  regarded  as  a  "  profile  of  equilibrium,"  developed  by  erosion 
on  a  coast  which  was  neither  rising  nor  sinking. 

There  is  perhaps  some  diflBculty  in  explaining  why,  after  this 
225-mile  stretch  of  coast  had  risen  steadily,  though  differentially, 
a  few  hundred  feet,  it  should  remain  stationary  for  a  period  of, 
say,  3000  years.  One  would  rather  expect  to  find  other  cHffed 
shorelines  at  higher  levels,  marking  earlier  intervals  of  stability. 
It  is  the  more  puzzling  when  we  seek,  further,  to  explain  why, 
after  so  long  a  period  of  stabilit}',  there  was  a  second  uplift. 
Instability  seems  to  have  been  the  condition  here  during  so 
large  a  part  of  post-glacial  time,  both  before  and  after  the  Mic- 
mac stage,  that  one  hesitates  to  adopt  the  view  that  for  3000 
years  or  so  there  was  a  cessation  of  coastal  movements. 

It  might  possibly  relieve  this  difficulty  to  conceive  of  the 
earlier,  epeirogenic  uplifts  as  having  indeed  satisfied  such  deep- 
seated  stresses  or  temporary  isostatic  conditions  (whatever  their 
origin)  as  were  resident  beneath  northeastern  North  America 
at  the  close  of  the  glacial  period ;  and  to  regard  the  rest  of 
post-glacial  time  as  a  period  of  approximate  stability,  compli- 
cated only  by  local,  seismic  movements.  There  are,  indeed, 
records  of  several  severe  earthquake  shocks  in  the  Saint  Law- 
rence valley  within  historic  times.  In  the  most  severe  of  these, 
which  occurred  Feb.  5,  1(563,  great  rifts  were  formed  in  the 
ground,  large  landslides  took  place  at  the  borders  of  river  ter- 
races, and  much  damage  was  done  all  along  the  north  coast  of 
the  Lower  Saint  Lawi*euce  as  far  east  as  Tadoussac.  While 
the  record  of  the  shock  along  the  south  shore  is  very  meagre, 
it  is  known  that   the  quake  was  felt  as  far  east  as  Gaspe,  and 
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as  far  south  as  New  England.*  While  the  Lower  Saint  Law- 
rence lies  in  a  zone  of  seismic  distiirbances,  as  Laflamme  has 
clearly  8hown,t  it  seems  very  doubtful  whether  any  great  seis- 
mic movement,  or  series  of  movements,  along  the  Saint  Law- 
rence fault  line,  would  elevate  225  miles  of  coast  so  evenly.  In 
the  case  of  the  earthquake  of  1899,  in  Yakutat  Bay,  Alaska, 
recently  described  by  Professors  Tarr  and  Martin,:]:  the  changes 
of  level  along  the  coast  were  very  irregular,  varying  from  45 
feet  uplift  to  several  feet  depression  in  distances  of  a  very  few 
miles.  Granting  that  the  fracture  system  along  the  Lower 
Saint  Lawrence  may  be  much  simpler  m  character  than  that  in 
Yakutat  Bay,  and  that  the  seismic  movements  of  the  former 
region  may  consequently  be  more  regular,  it  still  seems  exceed- 
ingly unlikely  that  the  Micmac  shoreline  has  reached  its  present 
uniform  position  by  sudden  earthquake  movements.  Tne  only 
safe  conclusion  appears  to  be  that  it  participated  in  a  second 
great  epeirogenic  uplift.  The  difficulty  therefore  remains,  of 
explaining  a  long  interval  of  stability  between  two  unstable 
periods. 

Hypothesis  of  an  l7iterval  of  Coastal  Subsidence  Between 
Two  Uplifts. 

With  the  principles  of  shoreline  morphology  again  in  mind, 
we  may  frame  a  second  working  hypothesis,  and  test  its  validity 
in  the  same  manner  as  the  first.  According  to  this  hypothesis, 
the  sequence  of  events  is,  briefly,  (a)  a  differential  epeirogenic 
uplift,  causing  the  emergence  of  the  coast  between  Matane 
and  Quebec  of  from  170  to  630  feet,  respectively ;  (b)  a  rever- 
sal of  the  movement,  involving  a  slow  subsidence  of  the  coast, 
of  relatively  small  measure  but  perhaps  of  equal  duration  ;  (c) 
a  second  epeirogenic  uplift,  of  unknown  rate  and  duration, 
likewise  of  slight  vertical  measure, — 20  feet.  Leading  toward 
the  support  of  this  hypothesis  there  are  several  lines  of 
evidence. 

Independent  evidence  of  subsidence. — There  are  clear  indi- 
cations of  a  post-glacial  subsidence  of  the  coast  of  New 
England  and  the  maritime  provinces,  which  it  may  be  possible 
to  correlate  with  the  Micmac  shoreline.    Submerged  peat  bogs 

*  See  the  coDdeneed  accoimt  of  llus  earthquake  in  Prof.  W.  H.  Hobbs' 
*•  Earthquakes/'  New  York,  1907,  pp.  315-320.  The  chief  source  of  infor- 
mation is  the  ''Jesuit  Relations,"  translated  by  Dr.  Beuben  Qold  Thwaites. 

t  J.  G.  K.  Laflamme  :  Les  Tremblements  de  Terre  de  Quebec.  Proc.  Roy. 
Soc.  Canada  (3),  vol.  i,  pp.  157-188,  1907. 

X  R.  S.  Tarr  and  L.  Martin  :  Recent  Changes  of  Level  in  the  Takutat  Bay 
Region,  Alaska.  BulL  Qeol.  Soc.  America,  vol.  xvii,  pp.  29-64,  1906,  espe- 
cially plate  23. 
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and  forest  beds,  containing  stumps  of  trees  in  undisturbed 
positions  of  growth,  have  been  found  at  many  places,  at  depths 
of  from  0  to  20  feet  below  modern  high-tide  mark.  Among 
the  numerous  instances  of  such  submerged  forests  may  be 
mentioned  cases  at  the  head  of  the  Bay  of  Fundy,*  at 
several  places  near  Boston,  Mas8.,t  and  on  the  island  of  Nan- 
tucket.:]: This  evidence  coming  from  many  different  places 
on  the  coast,  and  reported  by  many  observers,  seems  to  leave 
no  doubt  that  the  seaboard  of  Acadia  and  New  England  has 
suffered  a  submergence,  since  the  glacial  period,  of  fully  20 
feet.  The  position  of  these  forest  beds  above  glacial  drift,  yet 
much  nearer  the  sea  level  than  the  beaches  which  mark  the 
Champlain  submergence,  indicate  that  this  coastal  subsidence 
came  after  the  extensive  emergence  of  tlie  coast  from  the 
Champlain  sea. 

There  is  difficulty,  however,  in  correlating  the  Micmac  ter- 
race with  these  submerged  forest  beds,  in  the  fact  that  the 
terrace  has  experienced  a  re-elevation  of  20  feet,  while  the 
submerged  forest  beds  are  not  known  to  have  suffered  a  simi- 
lar uplift.  Indeed,  it  has  recently  been  urged,  that  botanical 
evidence  in  the  structure  of  the  salt  marshes  ov^erlying  the 
forest  beds  proves  that  the  subsidence  of  the  coast,  in  those 
places,  has  been  uninterrupted  since  the  stumps  were  tiret 
submerged,  and  that  the  movement  is  still  m  progress.§ 
Inasmuch  as  these  and  other  alleged  evidences  of  modern 
subsidence  may  to  some  extent  be  explained  by  appealing  to 
other  processes  than  crustal  deformations,!  and  at  the  same 
time  are  contradicted  by  alleged  evidences  of  modern  sta- 
bility in  Acadia  and  New  England,*!  and  of  modern  elevation 

*Sir  William  Dawson  :  On  a  modem  Bobmerged  forest  at  Fort  Lawrence, 
Nova  Scotia.  Qnart.  Joum.,  Qeol.  Soc.  London,  vol.  xi,  1855,  pp.  119-122. 
(Abstract)  this  JonnuU,  2d  series,  vol.  xxi,  1856.  pp.  440-442.  Also,  in  Aca- 
dian Geology,  2d  edition,  London,  1868,  pp.  28-32. 

t  J.  W.  Sears  :  The  physical  geography,  geology,  mineralogy,  and  paleon- 
tology of  Essex  County,  Massachusetts.  Salem,  Mass.  Published  by  the 
Essex  Institute,  1905,  pp.  51-58.  and  fig.  27. 

X  A.  Gessner :  On  elevations  and  depressions  of  the  earth  in  North 
America.  Quart.  Joum.  Geol.  Soc.,  vol.  xvii,  pp.  381-388,  1861,  especially 
p.  382. 

gC.  A.  Davis:  Peat  deposits  of  Maine.  Bulletin  No.  376,  U.  S.  Geological 
Survey,  1909,  pp.  19-21.  Salt  marsh  foimation  wear  Boston,  and  its  geo- 
logical signiiicaDce.     Economic  Geology,  vol.  v,  p.  625. 

Also,  H.  H.  Bartlett :  The  Chamiecyparis  bog  at  Woods  Hole,  Massachu- 
setts, fihodora,  vol.  xi,  1909,  pp.  221-235. 

I  D.  W.  Johnson  :  Personal  communication  regarding  progress  of  the  Shaler 
Memorial  Investigation,  1911. 

•J  Robert  Chalmers  :  Report  on  the  surface  geology  of  southern  New 
Brunswick.  Geological  Survey  of  Canada,  Annual  Report,  vol.  iv,  pp. 
74-76  N,  1888-89. 

Also,  D.  W.  Johnson  and  W.  G.  Reed,  Jr.  The  form  of  Nantasket-Beach. 
Joum.  of  Geology,  vol.  xviii,  pp.  162-189,  1910,  especially  pp.  187-188. 
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in  Newfoundland  and  Labrador,*  it  seems  possible  at  pres- 
ent neither  to  aflSrm  nor  to  deny  the  correlation  of  the 
Micmac  shoreline  with  the  submerged  stumps  described  by 
Dawson  and  others.  Here  is  a  fruitful  field  for  investigation, 
in  which  much  may  be  learned  from  a  botanical  study  of 
samples  of  salt  mareh  deposits,  following  the  methods  of  Davis 
and  Johnson. 

It  will  be  noticed  that  if  the  Micmac  sea-cliff  was  cut  back 
during  a  stage  of  slow  coastal  submergence,  a  record  of  this 
submergence  might  be  left,  in  protected  reentmnts,  in  the 
form  of  forest  beds  buried  by  the  advancing  gravels  and  sands 
of  the  beach,  and  subsequently  raised,  witb  the  overlying 
material,  above  high-tide  mark;  in  other  words,  stumps  and 
fresh-water  peat  might  be  discovered  beneath  the  marine  sands 
on  the  Micmac  terrace.  Search  for  chance  excavations  or 
natural  sections  of  the  terrace  which  would  show  such  stumps, 
during  the  season  of  1910,  was  unrewarded.  The  negative 
evidence,  however,  is  of  little  weight.  It  is  desirable  that  a 
more  thorough  test  of  the  underground  strnctare  of  the  Mic- 
mac terrace  be  made,  by  taking  samples  of  the  deposits  with  a 
soil  auger,  like  the  one  used  by  Mr.  Davis. 

Post-glacial  movements  in  Scandinavia. — The  investigation 
of  the  raised  beaches  on  the  coast  of  Scandinavia,  by  De  Geer, 
Broegger,  and  others,  indicate  that  the  post-glacial  movements 
there  have  been  essentially  three  in  number, — two  uplifts, 
separated  by  a  slight  subsidence.  When  the  hypothesis  of 
coastal  subsidence  as  the  cause  of  the  great  strength  of  the 
Micmac  terrace  suggested  itself  to  the  writer,  in  the  field,  the 
researches  of  the  Scandinavian  investigators  were  not  at  first 
thought  of,  as  bearing  upon  a  possible  three-fold  movement  in 
southern  Quebec.  Very  soon,  however,  the  recollection  of 
Broegger's  statements  concerning  the  complexity  of  the  coastal 
movements  in  Norway  and  Sweden  and  Denmark  came  to 
mind,  and  their  importance  as  affording  a  parallel  case  was 
realized. 

The  work  done  by  the  Scandinavian  geologists  on  their 
raised  beaches  and  the  associated  fossiliferous  marine  clays  is 
much  more  comprehensive  than  has  yet  been  done  in  north- 
eastern North  America.  Not  only  have  the  altitudes  of  the 
beaches  been  measured  at  many  points  on  the  peninsula  and  in 
Denmark,  and  isobases  drawn  to  show  the  amount  and  extent 
of  the  differential  uplifts,  but  a  great  abundance  of  archeolog- 
ical  material  has  been  collected,  and  the  position  of  the  several 
distinct  types  of  knives,  axes,  etc.,  w4th  relation  to  the  several 
distinct  shorelines  has  been  noted.     Thus  the  relation  of  the 

*R.  A.  Daly  :  Geology  of  the  northeast  coast  of  Labrador.  Bulletin  Mns. 
of  Comp.  Zool.,  vol.  xxxviii,  pp.  205-273,  1902,  especially  pp.  261-262. 
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coastal  movements  to  successive  portions  of  the  stone  age,  cop- 
per age,  and  bronze  age  has  been  worked  out,  and  the 
approximate  date  of  each  shorehne  has  been  estimated.*  A 
brief  outline  of  the  conclusions  reached  by  Broegger  and  others 
who  have  been  investigating  the  post-glacial  movements  in 
Scandinavia  will  serve  as  an  interesting  commentary  on  the 
hypothesis  of  subsidence  of  the  Canadian  coast  during  the 
Micmac  stage. 

At  the  close  of  the  last  glacial  epoch,  the  Scandinavian  coast 
stood  several  hundred  feet  lower  than  it  does  now.  This  time 
of  maximum  submergence  has  been  called  the  "  Kristiania 
period  "  by  Broegger.  An  open  sound  then  extended  across 
the  peninsula,  connecting  the  Skager  Kack  with  the  Gulf  of 
Bothnia.  The  shoreline  of  this  earliest  marine  stage  now 
stands  about  700  feet  above  the  sea  at  Christiania.  The  xoldia 
clay,  characterized  by  .boreal  forms  like  those  in  the  Cham- 
plain  clays,  mark  the  deposits  of  the  Christiania  period.  Broeg- 
ger has  shown  that  the  ice  sheet  had  not  entirely  withdrawn 
from  the  estuaries  at  the  time  of  the  greatest  submergence, 
for  the  Yoldia  clays  extend  up  the  estuaries  only  as  far  as  the 
great  terminal  moraine.  Judging,  therefore,  from  the  absence 
of  Yoldia  clays  behind  this  moraine,  the  emergence  of  the 
Scandinavian  coast  began  before  the  heads  of  the  estuaries 
wei-e  abandoned  by  the  ice.  In  Canada,  it  will  be  remem- 
bered, a  similar  early  emergence  of  the  newly  uncovered  coast 
from  the  sea  has  been  inferred  from  a  different  kind  of  evi- 
dence,— namely,  the  weak  character  of  the  highest  beach. 
Above  the  Yoldia  clays,  other  marine  clays,  known  respec- 
tively as  the  Arca^  the  MytUuSy  and  the  Cardium  clays,  show 
a  gradual  retreat  of  the  Arctic  fauna  and  the  advent  of  more 
southern  forms.  The  climax  of  this  emergence  of  the  coast 
was  marked  by  the  existence  of  a  great  fresn-water  sea  in  the 
Baltic  basin,  with  a  fauna  characterized  by  lacustrine  spe- 
cies of  such  genera  as  Planorhis^  Limno&a^  and  Ancyhis, 
This  AncyluB  group  of  sands  and  clays  is  found  at  many  places 
around  the  Baltic,  up  to  altitudes  of  more  than  100  feet  above 
the  sea.  Broegger  appears  to  regard  this  Ancylus  sea  as 
impounded  not  by  an  emergence  of  the  straits  to  a  higher  level 
than  the  present,  but  rather  to  a  blockading  of  the  straits  by 
an  ice  lobe.  The  time  occupied  by  this  first  post-glacial  emerg- 
ence has  been  estimated  by  Broegger  to  be  about  9000  years.t 

♦W.  C.  Broegger:  Strandliniens  beliggenhed  under  Stenalderen  i  det 
sudoestlige  Norge.  Norwegian  Geological  Survey,  No.  41,  pp.  389,  1905. 
(Review  by  G.  C.  MacCnrdy)  Science,  vol.  xxiii,  pp.  778-780,  1906. 

t  Gerard  De  Geer  :  On  pleistocene  changes  of  level  in  eastern  North 
America.  Proc.  Boston  Soc,  Nat.  Hist.,  vol.  xxv,  pp.  460-461.  A.  Geikie: 
Text  book  of  geology,  4th  edition,  London,  1903,  p.  1333.  W.  C.  Broegger, 
op.  cit.,  p.  283. 
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A  slight  subsidence  of  the  southern  part  of  Norway  and 
Sweden  next  took  place,  and  the  barrier  of  the  Ancylus  sea 
was  removed.  The  Ancylus  sediments  were  buried  by  marine 
clays  and  sands,  in  which  the  predominant  fossils  are  common 
salt-water  species  like  Littorina  littorea  and  Mytilua  edvlis. 
This  stage  is  called  by  Broegger  the  Littorina  subsidence ;  and 
has  recently  been  shown  to  correspond  to  the  first  stone  age  of 
north  Europe,  or  the  age  of  *' kitchen  middens"  in  Denmark 
and  Sweden.  It  was  in  this  region  a  period  of  warmer  climate 
than  the  present.  According  to  Broegger,  the  subsidence 
lasted  about  2000  years,  but  was  of  slight  vertical  extent  as 
compared  with  the  earlier  and  later  uplifts,  consisting  in  the 
Christiania  region  of  a  depression  of  only  about  10  feet. 
Farther  south  the  subsidence  was  greater  ;  farther  north,  less.* 

Thp  long  interval  since  the  maximum  Littorina  submerg- 
ence or  kitchen  midden  epoch,  estimated  by  archeological 
dataf  to  be  about  7000  years,  is  divided  by  Broegger  into 
four  parts:  earlier,  middle,  and  later  Tapes  periods;  and  the 
recent  period.  During  the  first  three  of  tliese  stages,  the 
coast  rose  to  its  present  position,  bringing  the  Littorina  shore- 
line at  Christiania  up  to  the  200-foot  mark.  This  emergence, 
beginning,  it  is  estimated,  about  5000  yeai's  B.  C,  lasted 
approximately  4500  years,  untill  the  end  of  the  Bronze  Age 
and  the  beginning  of  the  Iron  Age,  about  500  B.  C.  It  is  of 
interest  to  note  that  this  last  emergence  in  Scandinavia  was 
not  simply  a  differential  uplift,  but  was  accompanied  by  a  sub- 
mergence of  the  more  southern  coasts  of  Jutland.  In  an  iso- 
base  map,  Broegger  has  recently  shown  how  the  amount  of 
uplift  of  the  Littornna  shoreline  decreases  towards  the  south- 
west, reaching  zero  along  a  line  that  crosses  the  Laaland  penin- 
sula through  Nissumf jord,  Jutland,  and  Falster.  This  zero 
line  ("nullinien")  seems  not  to  have  been  a  hinge  line,  limit- 
ing the  area  of  crustal  deformation,  but  rather  a  pivot  line, 
separating  a  region  which  suflEered  uplift  from  one  which, 
concomitantly,  suffered  depression.:}:  As  Scandinavia  slowly 
rose,  southern  Laaland  slowly  sank.  The  downward  move- 
ment southwest  of  the  pivot  line  was  much  less  pronounced 
than  the  upward  movement  near  Christiania,  amounting  to  a 
tilt  of  about  one-third  of  a  foot  a  mile,  as  against  one  and  a 
half  feet  per  mile  in  the  latter  district. 

The  period  of  2400  years  since  the  close  of  the  Bronze  Age 
is  regarded  as  a  period  of  approximate   stability.     Broegger 

»0p.  cit.,  pp.  98-99,  283,  305-306. 

f  Broegger  takes,  as  the  basis  for  his  chronology,  the  estimates  of  Monte- 
lius  :  Les  temps  prehistoriqnes  en  Suede.  Paris,  1895,  and  Die  Chronologie 
der  aeltesten  Bronzezeit  im  Nord  Deutschland  und  Skandinavien.  Braun- 
schweig, 1900,  p.  223. 

JOp.  cit.,  plate  12.     Cf.  De  Geer,  op.  cit.,  p,  461. 
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takes  the  view  that  the  final  uplift  of  about  33  feet  at  Chris- 
tiauia  was  completed  soon  after  the  beginning  of  the  Christian 
era,  and  that  since  that  time  the  coast  has  been  stationary.''^ 

While  the  data  on  coastal  movements  gathered  in  Scandi- 
navia, and  the  conclusions  drawn  from  them  are  not  necessa- 
rily a  reliable  guide  to  the  interpretation  of  the  observations 
in  Canada,  the  similarity  between  these  two  regions,  both  as 
regards  their  geologic  structure  and  their  glacial  history, 
makes  the  comparison  of  more  than  passing  interest  Noting 
first  the  points  of  likeness,  we  find  : 

{a)  In  both  regions  the  emergence  of  the  coast  seems  to  have 
begun  while  the  ice  was  withdrawing  from  the  seaboard,  if 
not,  indeed,  somewhat  before  that  time.  In  Scandinavia  this 
is  shown  by  the  absence  of  the  Yoldia  clays  inside  the  termi- 
nal moraine ;  in  Canada,  by  the  faint  expression  of  the  highest 
beach. 

(J)  In  both  regions  the  first  emergence  seems  at  length  to 
have  been  followed  by  a  temporary  subsidence;  and  this,  in 
turn,  by  a  re-elevation.  While  the  elevated  positions  of  the 
shorelines  record  the  respective  upward  movements,  in  each 
case,  the  conclusions  regarding  the  downward  movement  is 
based,  in  Scandinavia,  chiefly  upon  the  occurrence  of  fossilif- 
erous  marine  clays  overlying  tliose  which  hold  the  Ancylus 
fauna;  in  Canada,  while  finding  support  in  the  submerged 
forest  beds  along  the  coast,  it  rests  mainly  upon  the  physio- 
graphic character  of  the  Micmac  shoreline.  So  far  as  the 
writer  has  been  able  to  discover,  the  Scandinavians  have  not 
used  abnormal  strength  in  a  wave-cut  terrace  and  sea-cliff  as 
an  argument  for  slow  coastal  subsidence. 

(c)  In  Canada,  as  in  Scandinavia,  the  vertical  amount  of 
subsidence  must  have  been  small.  As  we  have  seen  (p.  305j, 
the  outer  edge  of  the  Micmac  shelf,  three  miles  from  shore, 
is  only  50  or  60  feet  lower  than  the  inner  edge  at  the  foot  of 
the  bluffs.  A  part  of  this  depth  is  doubtless  due  to  down- 
ward erosion  on  the  shelf.  It  is  not  probable  that  the  entire 
depth  is  to  be  attributed  to  the  downward  movement  of  the 
coast  at  that  time,  for  it  is  hardly  likely  that  subsidence  would 
keep  pace  with  the  littoral  planation  so  closely  as  to  allow  the 
development  of  a  slope  of  equilibrium  without  downward 
erosion  on  the  shelf.  If,  however,  we  assume  that  the  coast 
did  sink  just  fast  enough  to  prevent  downward  erosion  on  the 
shelf  while  the  waves  were  trimming  back  the  cliffs,  this  move- 
ment of  the  coast  amounted  to  50  or  60  feet.  While  the  Mic- 
mac terrace  admits  the  possibility  of  a  subsidence  as  great  as 
that,  it  is  much  more  probable  that  the  downward  movement 
here,  as  in  Scandinavia,  was  a  slight  one,  of  perhaps  10  or  20 
feet. 

*  Op.  cit.,  pp.  128,  125,  and  table  and  fignre  on  p.  283. 
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The  points  wherein  the  conclusions  of  investigators  in  Scan- 
dinavia diflPer  from  those  here  reached  for  Canada  are  chiefly 
the  following : 

{a)  In  Scandinavia  the  uplifts  are  said  to  have  been  inter- 
mittent, allowing  time  for  the  waves  to  cut  distinct  terraces  at 
a  number  of  levels.  This  view  is  rather  generally  held  by 
English  writers  for  the  coastal  movements  of  Scotland,  and  is 
accepted,  with  some  reservation,  by  Professor  Daly  as  the  con- 
dition in  Labrador.*  lii  southern  Quebec  the  uplifts,  except 
for  the  one  conspicuous  interruption,  seem  to  have  been  steady 
and  continuous,  although  changing  perhaps  in  rate,  as  already 
noted.f  While  as  Professor  Daly  has  pointed  out,:}:  local  vari- 
ability in  strength  of  the  shorelines,  due  to  local  conditions  of 
exposure,  slope,  and  other  factors,  may  so  mask  the  features 
which  should  harmonize  so  as  to  destroy  the  evidences  of 
spasmodic  uplift,  the  facts  thus  far  observed  indicate  rather 
tliat  the  uplift  of  the  Lower  Saint  Lawrence  region  was  not 
seriously  interrupted  until  the  Micmac  stage.  The  variety  of 
altitudes  in  river  terraces  in  New  England,  and  the  raised 
beaches  of  the  New  England  coast,  so  far  as  they  have  yet 
been  studied,  point,  likewise,  to  the  conclusion  that  the  lirst 
great  uplift  was  steady,  not  spasmodic. 

(J)  In  Scandinavia  the  stage  of  post-glacial  submergence,  or 
"  Littorina  stage,"  occurred  when  only  about  live-sevenths  of 
the  total  uplift  had  been  accomplished.  The  later  elevation, 
at  Christiania,  amounted  to  200  feet.  In  Canada,  if  we  take 
Quebec,  with  over  600  feet  total  post-glacial  uplift,  as  compar- 
able to  Christiania,  we  find  that  the  later  elevation  amounted  to 
only  20  feet ;  that  is  to  say,  the  Micmac  stage  occurred  after 
about  twenty-nine  thirtieths  of  the  uplift  had  taken  place. 
The  nearly  horizontal  position  of  the  Micmac  terrace,  between 
Quebec  and  Matane,  so  far  beneath  the  differentially  upwarped 
Champlain  beach,  indicates  that  the  subsidence,  if  tnere  was 
one,  came  after  this  part  of  the  region  had  nearly  reached  its 
present  condition  of  relative  (if  not  absolute)  stability,  unless 
the  second  elevation  consisted  in  a  tilt  in  a  very  different  direc- 
tion from  the  first  one. 

The  observations  and  conclusions  of  the  Scandinavian  investi- 

fators  suffgest  other  points  of  similarity  or  dissimilarity 
etween  the  movements  there  and  those  here,  which  invite 
careful  study  in  the  field.  A  few  of  these  may  now  be  men- 
tioned. 

{a)  Was  the  emergence  of  the  Micmac  terrace,  in  the  Saint 
Lawrence  valley,  accompanied  by  a  concomitant  subsidence  of 
coasts  farther  south,  as  has  been  pointed  out  for  the  region 

*0p.  cit.,  pp.  252-2M. 

tPp.  7-8.  tLoc.  cit. 
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south  of  the  pivot  line  in  Laaland  (p.  313)  ?  The  supposed 
recent  subsidence  in  eastern  Massachusetts,  as  recorded  m  salt- 
marsh  structure,  suggests  such  a  possibility.*  Further  study 
might  even  indicate  that  the  underlying  forest  beds  along  the 
coast  from  Massachusetts  to  the  Bay  of  Fundy  are  to  be  cor- 
related with  an  uplift  of  the  Saint  Lawrence  valley,  instead  of 
with  a  subsidence.  Until  the  Micmac  terrace  is  traced  around 
the  Gasp6  peninsula,  and  southward  towards  the  Bay  of 
Funchr,  presumably  down  to  sea  level,  as  Broegger  has  ti-aced 
the  Littorina  shoreline,  no  satisfactory  correlation  of  the  sub- 
merged stumps  and  the  salt-marsh  structure  with  the  coastal 
movements  in  southern  Quebec  can  be  made. 

(J)  What,  movement,  if  any,  is  now  taking  place  along  the 
coast  ?  In  Scandinavia,  as  we  have  seen,  Broegger  concludes 
that  neither  uplift  nor  subsidence  has  occurred  during  the  last 
2400  years.  The  best  evidences  bearing  upon  this  question 
appear  at  present  to  be  contradictory.  On  the  one  hand,  the 
peculiar  structure  of  the  salt  marsh  on  the  New  England  coast 
nas  been  accepted  by  some  as  proof  of  a  continuous  downward 
movement  of  the  coast  since  the  underlying  forest  beds  were 
first  submerged,  extending  to  the  present  time.f  On  the  other 
hand,  the  fact  that  West  Beach  at  Nantasket,  whose  age  is 
estimated  as  probably  2000  or  30(>0  years  and  certainly  not 
less  than  2000  yeare,  has  a  crestline  altitude  which  accords  with 
that  of  the  modern  beach  behind  which  it  lies,  seems  to  show 
that  for  the  last  thousand  years,  at  least,  there  has  been  no 
change  of  level  in  eastern  Massachusetts.:}:  The  solution  of 
this  problem  is  closely  connected  with  that  of  the  behavior  of 
the  coast  during  the  Micmac  stage,  since  the  same  movement 
may  have  aided  the  waves  to  cut  back  the  Micmac  cliffs  as 
drowned  the  forests  or  aided  in  the  upward  growth  of  the  salt 
marshes.  Other  alleged  evidences  of  modern  costal  move- 
ments, such  as  human  testimony  and  change  in  altitude  of 
bench  marks  with  reference  to  mean  sea  level,§  arc  either  con- 
tradictory or  open  to  a  different  interpretation. 

It  might  seem  that  the  weak  character  of  the  modern  beach, 
along  the  south  side  of  the  Lower  Saint  Lawrence,  would 
indicate  that  the  present  movement,  if  any,  is  an  emergence ; 
because  if  there  was  a  subsidence,  wave  action  would  be  more 

*  See  papers  cited  above,  by  C.  A.  Davis,  His  mention,  on  p.  21  of  BuUe- 
tin  No.  876,  U.  S.  Geological  Survey,  of  the  occurrence  in  some  localities  of 
salt-water  peat  below  fresh-water  peat,  "indicating  a  slight  uplift  of  the 
coast  previous  to  the  subsidence  which  is  still  in  progress,"  suggests  a  coun- 
teroscillation  on  the  Maine  coast  during  the  Micmac  stage. 

t  Papers  by  C.  A.  Davis  and  H.  H.  Baldwin,  already  cited. 

X  D.  W.  Johnson  and  W.  G.  Reed,  Jr.     Op.  cit.,  pp.  187-188. 

§  R.  A.  Daly:  op.  cit.,  pp.  261-262,  and  J.  W.  Dawson:  Acadian  Geology, 
p.  81,  and  J.  R.  Freeman:  Submergence  of  land  and  harbor  bottom.  Report 
of  Commissioners  on  the  Charles  River  Dam,  ut  Boston,  Mass.,  1902. 
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eflEective  than  it  actually  is  at  the  present  time.  This,  how- 
ever, is  not  a  valid  argument,  because  the  waves  are  now  work- 
ing on  the  outer,  flatter  portion  of  the  Micmac  shelf.  Even  if 
this  shelf  is  now  slowly  sinking,  wave  action  will  be  seriously 
hindered  by  the  shallow  water,  until,  with  continued  coastal 
subsidence,  the  sea  again  stands  as  high  as  the  foot  of  the  old 
cliflfs. 

Concluaion, 

The  elevation  of  the  Lower  Saint  Lavvrence  Valley  from  the 
sea  to  its  present  position  appears  to  be  divisible  into  three 
stages.  The  first  stage  consisted  in  a  differential  upwarping  of 
the  region.  Beginning  no  later  than  the  withdrawal  of  the  ice 
from  the  estuary,  the  uplift  continued  without  interruption 
until  the  original  Champlain  beach  stood  from  about  170  feet 
above  the  sea  at  Matane  to  about  630  feet  above  the  sea  at 
Quebec.  Toward  the  close  of  this  stage,  the  rate  of  uplift 
probably  decreased,  until  it  ceased  altogether.  The  second 
stage,  marked  by  the  great  Micmac  terrace  and  sea-cliff,  may 
have  been  an  interval  of  stability,  in  which  case  it  lasted  some 
3,000  years.  More  probably  it  was  a  stage  of  slow  subsidence, 
of  shorter  duration,  in  which  cliff  cutting  was  accelerated, 
although  the  vertical  amount  of  subsidence  was  not  great. 
This  Micmac  stage  is  tentatively  referred  to  that  stage  when 
forests  were  submerged,  along  the  coast  of  Acadia  and  New 
England.  Following  the  development  of  the  Micmac  terrace 
and  cliff,  the  coast  of  the  Lower  Saint  Lawrence  rose,  evenly, 
and  slowly,  to  its  present  position.  With  existing  data  it  is 
impossible  to  tell  whether  this  movement  is  still  in  progress, 
or  has  ceased,  or  has  been  followed  by  minor  oscillations. 

While  these  conclusions  rest  primarily  upon  evidence  in 
Canada,  and  especially  upon  newly  collected  data  from  the 
Lower  Saint  Lawrence,  they  are  supported  in  part  by  a  com- 
parison with  the  conclusions  of  Professor  Broegger,  Baron 
be  Geer,  and  others  who  have  investigated  the  raised  beaches 
of  Scandinavia.  Although  it  is  expected  that  the  post-glacial 
movements  in  these  two  regions  on  opposite  sides  of  the 
Atlantic  will  prove  to  be  alike  in  all  respects,  as  more  accurate 
and  exhaustive  studies  are  made  in  Canada  and  New  England, 
the  recognition  of  the  Micmac  shoreline  as  a  record  of  one — 
and  apparently  the  only — pronounced  interruption  in  the 
emergence  of  the  coast,  in  southern  Quebec,  points  to  a  closer 
similarity  of  movements  in  Scandinavia  and  in  Canada  than 
has  heretofore  been  supposed. 

Dartmouth  CoUege,  Hanover,  N.  H., 
July,  1911. 

Am.  Jour.  Sci.— Fourth  Seribs,  Vol.  XXXII,  No.  190.— Octobkr,  1911. 
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I.    Chemistry  and  Physics. 

1.  A  Chemically  Active  Form  of  Nitrogen  Jhroduced  by  the 
Electric  Discharge, — R.  J.  Strutt  has  observed  a  very  remarka- 
ble effect  upon  pure  nitrogen  when  it  is  subjected  to  the  action  of 
an  electric  discharge  from  a  Leyden  jar  in  an  exhausted  tube.  It 
is  thus  caused  to  glow  for  some  time  after  the  discharge  has  been 
discontinued.  This  glowing  nitrogen  has  a  characteristic  band 
spectrum  with  green,  yellow  and  red  bands.  It  was  found  that 
the  change  which  gives  rise  to  .the  after-glow  is  retarded  by  heat- 
ing and  accelerated  by  cooling.  When  the  gas  was  passed 
through  an  electric  field  with  the  object  of  removing  gaseous 
ions,  the  glow  was  unaffected.  When  the  glowing  gas  was 
passed  over  a  small  pellet  of  ordinary  phosphorus,  a  violent  reac- 
tion occurred,  accompanied  by  the  absorption  of  some  of  the  gas 
and  the  formation  of  red  phosphorus.  This  reaction  was  used  to 
determine  the  percentage  of  active  nitrogen  in  the  gas.  In  one 
experiment  the  phosphorus  increased  in  weight  by  IS'o"^  after 
the  passage  of  2540%  corresponding  to  the  absorption  of  12'2^* 
or  l/2lOth  part  of  the  gas.  On  contact  with  iodine  the  yellow 
glow  is  replaced  by  a  magnificent  bright  blue  flame  giving  a 
brilliant  banded  spectrum.  Sulphur  and  arsenic  when  heated 
give  faint  blue  and  green  flames  respectively  ;  selenium,  anti- 
mony and  carbon  are  without  action.  Hydrogen  merely  acts  as  a 
diluent,  but  oxygen  destroys  the  glow  without  any  new  luminous 
effect.  Compound  substances  when  volatilized  in  the  gas  give 
rise  to  the  corresponding  band  spectra,  and  in  this  way  spectra  of 
compounds  which  are  unstable  at  the  temperature  of  the  Bunsen 
flame  may  be  readily  obtained.  The  modified  nitrogen  reacts 
with  organic  halogen  compounds,  setting  free  the  halogen,  and 
combining  with  carbon  to  form  cyanogen,  of  which  a  l)rilliant 
spectrum  is  obtained  during  the  reaction.  C^ano^en  is  formed 
also  when  the  gas  acts  upon  acetylene.  With  nitric  oxide  it 
yields  nitrogen  peroxide  and  a  green  flame  is  produced  giving  a 
continuous  spectrum.  It  is  suggested  that  this  reaction  may  be 
represented  as 

2N0  +  N  =  N0,  +  N,. 

Water  and  carbon  dioxide  have  no  action  upon  the  glowing 
nitrogen.  Ammonia,  cupric  oxide,  and  manganese  dioxide  destroy 
the  glow. — Jour.  Chem.  Soc,  c.  II,  483.  h.  l.  w. 

2.  Oravimetric  Determination  of  Fluorine. — G.  Starck  has 
devised  a  new  method  for  making  this  determination.  The  solu- 
tion containing  the  fluorine  is  neutralized  and  a  large  excess  of 
cold  saturated  solution  of  lead  chloride  is  added,  which  precipi- 
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tates  the  compound  PbFCl.  For  0-1  «f  of  NaF  in  oO^^''  of  solution 
the  author  uses  200"  of  the  lead  chloride.  The  liquid  is  allowed 
to  stand  over  night,  filtered  with  a  Gooch  crucible,  washed  with 
a  nearly  saturated  lead  chloride  solution,  then  2  or  8  times  with 
water,  and  the  precipitate  is  dried  for  2  hours  at  140-150°.  The 
author  has  determined  the  solubility  of  the  precipitate  in  water 
and  several  other  solutions,  including  lead  chloride  solution.  It 
is  very  sparingly  soluble  in  the  latter,  much  more  soluble  in 
water,  and  still  more  soluble  in  hydrochloric  and  acetic  acids. 
The  errors  in  17  determinations  of  NaF  by  the  above  method 
were  from  +0-46  to -0'30  per  cent.  Less  accurate  results  were 
obtained  by  dissolving  the  precipitate  and  determining  the  chlo- 
rine.— Zeitschr,  anorgan  <7Aem.,  Ixx,  173.  h.  l.  w. 

3.  Uranium  Sexc^uoride. — The  preparation  of  this  compound, 
UFg,  is  of  considerable  interest  in  connection  with  the  valency  of 
uranium,  since  no  hexahalide  of  this  element  has  been  previously 
prepared.  Ruff  and  Hbinzelmann  have  prepared  it  in  three 
ways  :  By  the  action  of  fluorine  upon  uranium  pentachloride  in 
the  absence  of  moisture,  when  it  is  obtained  mixed  with  the  tetra- 
fluoride  from  which  it  is  easily  separated  by  volatilization.  By 
the  action  of  anhydrous  hydrofluoric  acid  upon  uranium  penta- 
chloride the  same  products  as  before  are  obtained,  but  in  this 
case  the  very  volatile  hexafluoride  cannot  be  satisfactorily  sepa- 
rated from  hydrofluoric  acid.  The  third  method  consists  in  treat- 
ing metallic  uranium  or  the  carbide  with  fluorine  mixed  with  a 
little  chlorine,  where  the  latter  gas  acts  as  a  catalyzer  and  causes 
the  complete  conversion  into  hexafluoride,  while  fluorine  alone 
produces  practically  pure  tetrafluoride. 

Uranium  hexafluoride  forms  pale  yellowish  crystals  boiling  at 
56°  C.  and  melting  under  a  pressure  of  two  atmospheres  at  69*5°. 
It  forms  the  heaviest  known  gas  with  a  specific  gravity  of  about 
1 2  compared  with  air.  It  fumes  strongly  in  the  air  and  is  highly 
reactive. — Zeitschr,  anorg.  Chem,^  Ixxu,  63.  h.  l.  w. 

4.  Nitrification  hy  Ultraviolet  Rays. — Berthelot  and  Gaudk- 
CHON  show  that  a  solution  of  ammonia  after  being  exposed  to 
ultra-violet  rays  for  a  few  hours  in  the  presence  of  oxygen  gives 
all  the  reactions  for  nitrites,  but  no  nitrates  could  be  detected. 
Nitrites  were  formed  from  ammonium  carbonate,  chloride  and 
sulphate  under  similar  conditions,  but  much  more  slowly  in  the 
two  latter  cases  where  the  extent  of  hydrolysis  is  small.  Nitrates 
are  changed  to  nitrites  by  the  action  of  the  rays.  There  are  many 
points  of  resemblance  between  the  action  of  these  rays  and  that 
of  certain  microorganisms. —  Comptes  MenduSy  clii,  522. 

H.  L.  w. 

5.  An  Electric  Furnace  for  Chemical  Purposes, — Fischeb  and 
TiEDE  have  described  a  furnace  in  which  substances  may  be 
heated  to  a  very  high  temperature,  approaching  3000°  C,  in  a 
vacuum  by  making  use  of  a  tube  of  metallic  tungsten  heated  by 
a  powerful  electric  current.  They  were  able  by  means  of  this 
apparatus  to   distil  considerable  quantities  of  metallic  tin  in  a 
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short  time.  The  method  will  be  doubtless  serviceable  for  other 
purposes.  The  original  article  must  be  referred  to  for  the  details 
of  construction  and  manipulation. — Berichtey  xliv,  1717. 

H.  L.  w. 
6.  Aqua  Regia, — Priwoznik  has  shown,  as  the  result  of  numer- 
ous experiments,  that  the  solution  of  gold  in  aqua  regia  takes 
place  according  to  the  equation:  Au +HNO,  +  4HCl  rrH^On- 
NO-i-HAuCl^,  and  the  proportions  corresponding  to  this  equation 
are  recommended  as  being  the  most  economical  for  employment. 
— Jour,  Chem.  Soc.y  c.  11,  484.  h.  l.  w. 


II.      GeOUX>Y    and    MiNEBALOGr. 

1.  Publications  of  the  United  States  Geological  Survey, 
George  Otis  Smith,  Director. — Recent  publications  of  the 
U.  S.  Geological  Survey  are  noted  in  the  following  list  (continued 
from  p.  69). 

Folios. — Foxburg-Clarion  Folio,  Pennsylvania ;  by  E.  W. 
Shaw  and  M.  J.  Munn.     Pp.  17,  2  charts,  4  colored  maps. 

Burgettstown-Carnegie  Folio  (No.  177),  Pennsylvania;  by  E. 
W.  Shaw  and  M.  J.  Munn.     Pp.  16,  10  figures,  4  colored  maps. 

Professional  Paper  70.  —  The  Mount  McKinley  Region, 
Alaska ;  by  Alfred  H.  Brooks,  with  descriptions  of  the  Igne- 
ous Hocks  and  of  the  Bonnifield  and  Kantishna  Districts,  by  L. 
M.  PiiiNDLE.     Pp.  234,  18  plates,  30  figures. 

Mineral  Resources,  Calendar  Year  1909. — Part  I,  Metals. 
Pp.  616,  1  plate,  4  figures.  Part  II,  Nonmetals.  Pp.  942,  4 
figures. — These  volumes  bring  together  in  complete  and  perma- 
nent form  the  numerous  advance  chapters  which  have  earlier 
been  given  to  the  public.  A  considerable  number  of  the  chap- 
ters from  the  report  for  1910  have  also  been  already  issued. 

Bulletins. — No.  448.  Geology  and  Mineral  Resources  of  the 
Nizina  District,  Alaska  ;  by  Fred  H.  Moffit  and  Stephen  R. 
Capps.     Pp.  Ill,  12  plates,  11  figures. 

No.  449.  A  Geologic  Reconnaissance  in  Southeastern  Seward 
Peninsula  and  the  Norton  Bay-Nulato  Region,  Alaska ;  by  Philip 
S.  Smith  and  H.  M.  Eakin.     Pp.  146,  13  plates,  15  figures. 

No.  450.  Mineral  Resources  of  the  Llano-Burnet  Region, 
Texas,  with  an  Account  of  the  Pre-Cambrian  Geology  ;  by  Sid- 
ney Paige.     Pp.  103,  5  plates,  22  figures. 

No.  462.  The  Lander  and  Salt  Creek  Oil  Fields,  Wyoming. 
The  Lander  Oil  Field,  Fremont  County  ;  by  K.  G.  Woodruff. 
The  Salt  Creek  Oil  Field,  Natrona  County  ;  by  C.  H.  Wege- 
mann.     Pp.  87,  12  plates,  1  figure. 

No.  464.  Coal,  Oil,  and  Gas  of  the  Foxburg  Quadrangle, 
Pennsylvania ;  by  Eugene  W.  Shaw  and  Malcolm  J.  Munn. 
Pp.  85,  10  plates,  16  figures. 

No.  465.  Copper  Deposit  of  the  Appalachian  States  ;  by  Wal- 
ter Harvey  Weed.     Pp.  166,  32  figures. 
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No8.  457,  468,  459,  461,  462,  463,  464,  468,  469,  473,  476,  477, 
481,  482.  Results  of  Spirit  Ijeveling,  R.  B.  Marshall,  Chief 
Geographer,  work  done  in  cooperation  with  the  respective  states. 
No.  457,  State  of  Washington,  1896-1910  incl.  ;  pp.  108,  1  plate. 
No.  458,  Arkansas,  Louisiana  and  Mississippi,  1896-1909  ;  pp.  79, 
1  plate.  No.  459,  Missouri,  1896-1909;  pp.  48, 1  plate.  No.  461, 
Michigan  and  Wisconsin,  1897-1909  ;  pp.  64,  1  plate.  No.  462, 
Oregon,  1896-1910  ;  pp.  82,  1  plate.  No.  463,  Arizona,  1899-1909; 
pp.  74,  1  plate.  No.  464,  New  Mexico,  1902-1909,  pp.  53,  1 
plate.  No.  468,  Texas,  1896-1910;  pp.  133,  1  plate.  No.  469, 
Texas,  1896-1910  ;  pp.  133,  1  plate.  No.  469,  North  Dakota, 
1897-1910  ;  pp.  23,  1  plate.  No.  473,  Kansas  and  Nebraska, 
1896-1909  ;  pp.  42,  I  plate.  No.  476,  Ohio,  1909,  1910  ;  pp.  79, 
1  plate.  No.  477,  West  Virginia,  1909,  1910;  pp.  54,  1  plate. 
No.  481,  California,  1907-1910  ;  pp.  115,  1  plate.  No.  482,  Mon- 
tana, 1896-1910  ;  pp.  154,  1  plate. 

No.  470,  B.  C.  D.  G.  K.  Advance  Chapters  from  Contributions 
to  Economic  Creology  (Short  Papers  and  Preliminary  Reports), 
1910.  Part  I. — Metals  and  Nonmetals  except  Fuels.  B,  Gold 
and  Silver,  pp.  122,  3  plates,  15  figures.     C,  Copper,  pp.  44,  1 

;ellai 

No.  475.     The  Difference  of  Crude  Petroleum  through  Fuller's 


plate,  12  figures.  D,  Lead  and  Zinc,  pp.  28,  4  figures.  6,  Struc- 
tural Materials,  pp.  131,  4  plates,  9  figures.  K.  Miscellaneous 
Nonraetallic  Products,  pp.  43,  6  figures. 


Earth,  with  notes  on  its  Geologic  Significance  ;  by  J.  Elliott 
Gilpin  and  Oscar  E.  Bransky.     Pp.  50,  7  figures. 

Water-Supply  Papers. — No.  256.  Geology  and  Underground 
Waters  of  Southern  Minnesota  ;  by  C.  W.  Hall,  O.  E.  Meinzbr, 
and  M.  L.  Fuller.     Pp.  406,  18  plates,  9  figures. 

No8.  265,  267,  268.  Surface  Water  Supply  of  the  United  States, 
1909  ;  prepared  under  the  Direction  of  M.  O.  Leighton.  No. 
265.  Part  V.  Hudson  Bay  and  Upper  Mississippi  Basins  ;  by 
Robert  Follansbeb,  A.  H.  Horton,  and  R.  H.  Bolster.  Pp. 
231,  4  plates.  No.  267.  Part  VII.  Lower  Mississippi  Basin  ; 
by  W.  B.  Freehan  and  R.  H.  Bolster.  Pp.  99,  2  plates,  1  figure. 
No.  268.  Part  VIII.  Western  Gulf  of  Mexico  ;  by  W.  B.  Free- 
man and  R.  H.  Bolster.     Pp.  107,  6  plates. 

No.  273.  Quality  of  the  Water  Supplies  of  Kansas  ;  by  Hora- 
tio Nkwtox  Parker.  With  a  preliminary  Report  on  Stream 
Pollution  by  Mine  Waters  in  Southeastern  Kansas,  by  E.  H.  S. 
Bailey.  Prepared  in  cooperation  with  the  Kansas  State  Board 
of  Health.     Pp.  376,  1  plate,  1  figure. 

No.  274.  Some  Stream  Waters  of  the  Western  United  States, 
with  chapters  on  Sediment  carried  by  the  Rio  Grande  and  the 
Industrial  Application  of  Water  Analysis ;  by  Herman  Stabler. 
Pp.  188. 

No.  277.  Ground  Water  in  Juab,  Miller,  and  Iron  Counties, 
Utah  ;  by  Oscar  E.  Meinzer.  In  cooperation  with  the  State  of 
Utah.     Pp.  162,  5  plates,  13  figures. 
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2.  Cambrian  Faunas  of  China  ;  by  Chables  D.  Walcott. 
Smithsonian  Miscel.  Coll.,  57,  No.  4,  pp.  69-108,  pis.  14-17, 191 1. — 
Further  collections  of  Middle  Cambrian  fossils  were  made  for  the 
author  in  Manchuria  by  Professor  Iddings,  enabling  him  to  add 
extensively  to  our  knowledge  of  the  Chinese  Cambrian.  Wal- 
cott here  gives  a  corrected  list  of  the  formerly  described  forms 
and  adds  29  new  species  of  brachiopods  and  trilobites.  The  new 
genera  or  subgenera  of  trilobites  are  Emmricheila^  Inouyia^  Lisa- 
nia,  Chuangiay  Levisia  and  Coosia.  c.  s. 

3.  Middle  Cambrian  Holothurians  and  Medusos;  by  Charlss 
D.  Walcott.  Smithsonian  Miscel.  Coll.,  57,  No.  3,  pp.  41-68, 
pis.  8-13,  1911. — Here  are  described  more  of  the  wonderfully 
preserved  fossils  discovered  by  the  author  in  the  Burgess  shale, 
near  Mt.  Stephen,  British  Columbia.  The  new  genus  of  Scypho- 
medusaB,  Peytoia^  preserves  only  the  lobate  ventral  side. 

The  particularly  interesting  fossils  are  the  holothurians  with 
representatives  of  both  of  the  living  orders  of  this  class  of  Echi- 
noderma.  These  are  the  only  fossil  sea-cucumbers  preserving 
the  general  body  form,  but  none  show  even  a  trace  of  the  spi- 
cules if  they  ever  had  such.  The  order  Paractinopoda  is  repre- 
sented by  a  new  genus  described  as  Mackenziay  that  clearly  has 
relationship  with  the  living  Synaptula.  It  is  a  finger-shaped  sack 
about  70°'"  long  and  is  now  devoid  of  tentacles,  but  the  cast  of 
the  calcareous  ring  indicates  that  there  were  at  least  10  and  possi- 
bly as  many  as  1 5  tentacles  originally  present. 

The  order  Actinopoda  is  represented  by  poorly  preserved  fos- 
sils of  the  new  genera  Laggania  and  Louiaella,  forms  referred  to 
the  living  family  Holothuriidae.  The  most  complex  fossil  and 
one  very  difficult  to  interpret  is  the  new  genus  Fldonia,  said  to 
be  a  pelagic  holothurian.  More  than  200  specimens  are  at  hand. 
At  first  it  was  thought  to  be  a  Scyphomedusa  with  a  large 
internal  commensal  worm,  but  the  latter  is  now  regarded  as  the 
digestive  tract  of  this  bell-shaped  animal.  c.  s. 

4.  The  Crinoid  Fauiia  of  the  Knobstone  Formation;  by 
Frank  Spbingeb.  Proc.  U.  S.  Nat.  Mus.,  vol.  41,  pp.  175- 
208,  1911. — The  stratigraphic  position  of  the  Knobstone  forma- 
tion has  long  remained  uncertain,  and  to  settle  this  matter  the 
author  began  some  years  ago  to  assemble  material  properly  col- 
lected in  Indiana,  Kentucky  and  Tennessee.  These  collections 
produced  45  species  of  crinoids,  which  were  then  compared  with 
the  well-known  faunas  found  about  Burlington  and  Keokuk, 
Iowa,  resulting  in  the  adjustment  of  the  difficulty.  The  author 
states  that  "  the  main  fossiliferous  beds  of  the  "Knob  [Indiana 
and  Kentucky],  and  the  lower  limestone  above  the  Black  ^late  at 
W^hites  Creek  [Tenn.],  must  be  placed  stratigraphically  as  equiva- 
lent in  part  or  closely  related  to  the  Lower  Burlington."  There 
is  no  Keokuk  present  as  was  long  believed  to  be  the  case.  The 
Knobstone  is  now  known  as  the  New  Providence  formation,  and 
while  Bassler  is  inclined  to  place  it  directly  beneath  the  Lower 
Burlington,  he  states  that  it  "  is  a  provisional  arrangement,  since 
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the  close  relations  to  the  Lower  Burlington  are  appreciated,  and 
the  possibility  of  their  partial  equivalence  is  recognized."  Bas- 
sler'8  paper  resulting  from  Springer's  desires  to  adjust  some  of 
the  Mississippian  crinoidal  mixtures  is  reviewed  below.        o.  s. 

5.  The  Waverlyan  Period  of  Tennessee;  by  Ray  S.  Bas- 
8LER.  Proc.  U.  S.  Nat.  Mus.,  vol.  41,  pp.  209-224,  1911.— This 
important  paper  describes  the  Subcarboniferous  strata  on  either 
side  of  the  Nashville  dome  and  correlates  them  with  those  of 
Ohio  and  the  Mississippi  valley  south  of  St.  Loui^.  The  period 
term  Waverlyan  is  substituted  for  Mississippian  on  the  ground 
of  supposed  priority,  but  the  author  also  states  that  this  term  was 
not  defined  until  1869,  the  same  year  in  which  Alexander  Win* 
chell  proposed  Mississippi  Group.  It  was  Williams  who  in  1880 
revived  the  latter  term  to  cover  all  the  American  strata  between 
the  Devonian  and  the  Pennsylvanian.  As  thus  used  the  term  is 
now  thought  to  include  two  periods  or  disastrophic  cycles,  and 
accordingly  Schuchert  intenaed  to  preserve  this  well-known 
period  name  for  the  lower  half,  the  strata  with  which  Winchell 
was  working. 

The  Waverlyan  period  is  again  divided  into  three  series,  two 
of  which  are  named  Osagian  and  Kinderhookian.  The  last 
named  series  is  in  Tennessee,  represented  by  the  Ridgetop  forma- 
tion (new),  to  which  the  term  Hickman  was  apparently  applied 
many  years  ago  by  Alexander  Winchell.  c.  s. 

6.  I)ie  vulcanischen  Erscheinungen  der  Erde ;  von  Db.  Kabl 
Schneider.  Pp.  viii,  272  ;  with  50  figures.  Berlin,  1911 
(GebrUder  Borntraeger). — This  volume  gives  an  excellent  sum- 
mation of  volcanic  phenomena,  its  purpose  being  to  enlarge  on 
facts  rather  than  theories  and  to  treat  superficial  igneous  activity 
to  the  exclusion  of  those  of  intrusive  nature.  The  author  notes 
in  the  introduction  that  the  subject  of  volcanism  has  passed 
through  a  certain  degree  of  stagnation  during  the  past  decade,  as 
the  center  of  interest  in  igneous  activity  has  passed  to  the  under- 
ground. This  volume  covers,  therefore,  a  somewhat  neglected 
field.  Nine  chapters  are  given  to  the  subject,  of  which  those  of 
most  timely  interest  are,  perhaps,  the  nature  of  volcanism,  the 
larger  forms  of  the  moon's  surface,  the  development  of  the  volcanic 
phenomena  of  the  earth  in  different  phases  during  the  Cenozoic, 
the  genetic  system  of  volcanic  construction,  the  geographic 
distribution  of  volcanoes  of  the  present,  and  a  catalogue  of  volca- 
noes which  have  erupted  within  historic  times.  The  volume  is 
thus  seen  to  form  a  valuable  reference  book  for  the  geologist 
whose  interests  may  touch  this  field  of  knowledge.  J  b. 

7.  On  some  Mineral  Constituents  of  a  Dusty  Atmosphere; 
by  W.  N.  Hartley. — The  above  subject  is  exhaustively  treated 
by  W.  N.  Hartley  in  a  paper  read  before  the  Royal  Society  of 
London  on  May  11.  By  means  of  a  small  portable  quartz  spectro- 
graph several  series  of  spark  spectra  were  photographed  with 
graduated  exposures  of  i;  5,  10,  20,  40,  and  60  seconds,  all  on  the 
same  plate.    The  electrodes  in  the  first  series  were  cadmium,  iron. 
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nickel,  and  copper,  a  self-induction  coil  being  interposed  to  elimi- 
nate the  air  spectrum  and  the  short  metallic  lines.  *  *  Of  seven 
plates  of  spectra  photographed  in  the  months  of  April  and  May 
two  were  very  carefully  measured  with  the  micrometer.  Twenty- 
two  lines  were  positively  identified  with  those  of  elements  known 
to  be  contained  in  atmospheric  dust.  The  lines  are  principally 
the  ultimate  lines  of  the  respective  elements,  viz.  of  calcium, 
lead,  carbon,  iron,  manganese,  nickel,  copper,  magnesium.  The 
calcium  lines  were  prominent  and  the  presence  of  calcium  carbon- 
ate in  very  minute  particles  of  dust  suspended  in  the  air  was 
definitely  proven.  Copper  was  also  prominent  and  its  prevalence 
in  the  dust  was  accounted  for  by  the  repeated  flashes  on  the  over- 
head cable,  which  is  in  the  center  of  a  wide  street  (St.  Stephen's 
Green)  at  a  distance  of  54  feet  from  the  window  of  the  room  in 
which  the  experiments  were  made.  The  condensation  of  the 
vapor  of  copper  after  each  discharge  would  yield  a  dust  of  extreme 
tenuity  such  as  could  not  arise  from  mechanical  action. 

The  author  adds  that  *^  Determinations  of  the  weight  of  mate- 
rial necessary  to  give  the  lines  of  these  spectra  in  the  manner 
described,  and  with  such  short  exposures,  have  been  completed. 
From  the  loss  of  weight  of  the  dry  electrodes  by  the  passage  of 
the  spark  during  successive  intervals  of  10  minutes,  the  weight 
of  metallic  calcium  volatalized  in  one  minute,  and  in  one  second, 
was  calculated.  The  number  of  spark  discharges  per  second  was 
accurately  determined,  and  likewise  the  number  of  discharges 
necessary  to  render  the  lines  of  calcium,  as  photographed  from 
atmospheric  dust,  with  an  exposure  60  seconds.  Similarly  with 
copper,  the  number  of  discharges  necessary  to  render  the  ultimate 
line  and  the  two  lines  respectively,  as  measured  on  plates 
exposed  to  atmospheric  dust  for  one  second  and  for  five  seconds, 
was  ascertained,  and  the  weight  of  copper  volatilized  at  each 
spark  discharge  was  accurately  determined.  It  was  found  that, 
in  order  to  render  the  five  principal  lines  in  the  spectrum  of 
calcium,  the  weight  of  the  metal  passing  between  the  electrodes 
in  60  seconds  was  from  00001  to  0*00014  ragrm.,  or,  as  calcium  car- 
bonate, from  000026  to  0*00035  mgrm.  Similarly,  the  quantity 
of  copper  which  passed  between  the  electrodes  in  one  second 
was  from  0*0005  to  0*0007  mgrm.,  and  in  five  seconds  from 
OOOl  to  0*0014  mgrm.  These  quantities  yield  the  spectra  photo- 
graphed, and  the  proportion  of  copper  in  the  dust  thus  appears 
to  be  10  times  as  great  as  that  of  the  calcium. 

"  Both  the  calcium  and  copper  reactions  in  the  spark  are  more 
delicate  than  the  sodium  test  by  the  yellow  flame,  or  even  by  the 
photography  of  the  ultimate  lines  of  sodium  in  the  oxyhydrogen 
name  and  spark.  Metallic  sodium  renders  no  lines  with  one  spark 
when  photographed,  and  with  five  sparks  the  lines  X  3301*1  and 
A.  3302-6  are  both  stronger  than  the  yellow  lines  (mean  X  5893'2). 
These  lines  do  not  appear  on  any  of  the  cadmium  plates. 

"  The  reactions  of  lead,  manganese,  and  magnesium  in  the  spark 
are  much  more  sensitive  than  those  of  sodium,  calcium,  or  copper. 
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For  instance,  0-00003  mgrm.  of  manganese  is  volatilized  by  one 
spark  discharge,  and  yields  a  spectrum  with  the  following  ulti- 
mate group  of  lines  :  2949*3,  2939*4,  and  2933*1. 

As  no  atmosphere  is  free  from  dust,  and  that  of  cities  is 
particularly  dusty,  these  mineral  constituents  must  be  regarded 
as  possible  reagents  in  cases  where  there  is  evidence  that  very 
minute  quantities  of  basic  substances  can  initiate  chemical 
reactions  and  isodynamic  changes,  such  as  have  generally  been 
considered  as  spontaneous,  and  in  all  cases  where  a  solution  in 
contact  with  air  is  liable  to  be  affected." 

8.  Crystallography  and  Practical  Crystal  Measurement ;  by 
A.  E.  H.  TuTTON.  Pp.  xiv,  946,  with  720  figures,  and  3  plates. 
London,  1911  (Macmillan  <fc  Co.  Ltd.). — The  student  of  crystal- 
lography,  desirous  of  making  himself  familiar  not  only  with  the 
theoretical  facts  and  principles  but  also  with  the  practical  methods 
of  studying  crystals,  morphologically  and  physically,  will  find  in 
the  present  volume  a  most  satisfactory  guide.  It  begins  with  a 
discussion  of  the  preparation  and  collection  of  crystals,  and  then, 
before  taking  up  the  questions  of  symmetry  and  form,  deals  with 
the  goniometer,  so  as  to  make  the  student  acquainted  at  once 
with  a  method  of  handling  and  studying  cr^'stal  forms.  From 
this  starting  point  practical  examples  are  given  under  each  sys- 
tem of  the  treatment  of  a  typical  case,  carried  out  in  all  necessary 
fullness  of  detail.  Under  the  triclinic  system,  for  example,  copper 
sulphate  is  taken,  and  the  successive  steps  detailed  from  the  meas- 
urement of  the  angles  in  the  different  zones  to  the  calculation  of 
the  axial  ratio  and  the  description  of  the  individual  faces.  The 
drawing  of  crystals  is  treated  in  the  same  clear,  minute  way. 

The  second  part  of  the  work  is  devoted  to  the  physical  side  of 
the  subject,  and  here  also  we  have  all  necessary  theotetical  dis- 
cussions coupled  with  full  explanations  as  to  the  successive  meth- 
ods of  experiment  called  for.  The  illustrations  in  the  volume 
are  particularly  satisfactory,  having  been  drawn  by  the  author 
expressly  for  this  work.  The  interference  figures  are  represented 
in  black  and  white  in  a  series  of  plates  made  from  excellent  pho- 
tographs, and  throughout  the  mechanical  execution  of  the  work 
is  up  to  the  high  standard  of  the  subject  matter. 


III.     Miscellaneous   Scientific  Intelligence. 

1.  Mendelism ;  by  R.  C.  Punnkit.  Third  edition,  entirely 
rewritten  and  much  enlarged.  Pp.  xiv,  192,  with  colored  plates 
and  diagrams.  New  York,  1911  (The  Macmillan  Company). — 
The  general  recognition  of  the  wide  applicability  of  Mendel's 
discoveries  has  given  a  ^reat  impetus  to  the  experimental 
breeding  of  plants  and  animals  during  the  past  decade.  The 
wonderful  results  which  have  come  from  these  experiments  have 
so  far  changed  the  earlier  conceptions  of  the  nature  of  the  hered- 
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itary  processes,  that  the  scientific  breeder  of  to-day  has  come  to 
look  upon  a  given  plant  or  aniraal  as  the  result  of  a  definite  com- 
bination of  heritable  physiological  factors.  The  visible  charac- 
teristics of  the  body  give  little  clue  as  to  what  these  heritable 
factors  may  be.  How  these  factors  are  determined,  and  how  the 
offspring  from  two  parents  may  appear  perfectly  similar  and  yet 
contain  vastly  different  heritable  factorjs,  are  clearly  explained  in 
this  interesting  little  book. 

The  bearing  of  the  Mendelian  doctrine  on  the  previously 
widely  accepted  theories  of  heredity,  variation,  and  evolution,  is 
fully  discussed.  The  prevalent  view  that  characters  acquired  by 
the  body  from  its  very  beginning  as  a  fertilized  egg  are  in  no 
case  capable  of  transmission  to  offspring,  is  well  supported  by  the 
very  recent  discoveries.  The  organism  transmits  only  those 
characters  which  it  has  received  from  the  germ  cells  from  which 
it  has  originated,  and  each  germ  cell  is  capable  of  bearing  only 
one  of  two  contrasted  characters,  such  as  difference  in  color, 
stature,  or  other  physical  or  physiological  property. 

The  entire  rewriting  of  the  new  edition  was  necessitated  by  the 
rapid  growth  of  the  new  branch  of  science  with  which  it  deals. 
The  usefulness  of  the  earlier  editions  should  assure  a  wide  appre- 
ciation of  the  present  volume.  w.  r.  c. 

2.  Plant- Animals :  A  study  in  Symbiosis ;  by  Frederick 
KsEBLB.  Pp.  163,  illustrated.  Cambridge,  1910  (University 
Press). — This  little  volume,  one  of  the  Cambridge  Manuals  of 
Science  and  Literature,  consists  of  a  most  interesting  account,  in 
popular  language,  of  the  natural  history  of  the  minute  Turbel- 
larian  worms,  belonging  to  the  genus  Convoluta,  These  worms 
are  peculiar  in  that  they  can  live  only  when  infested  with  an  alga 
which  lives  simbiotically  within  their  cells.  The  structure  of 
both  symbionts  is  described,  and  the  significance  of  the  symbiotic 
relations  explained.  w.  r.  c. 

3.  AUgemeine  Vererbungslehre ;  von  Valentin  Haegker. 
Pp.  X,  392,  with  135  figures  and  4  colored  plates.  Braunschweig, 
1911  (Friedr.  Vieweg  &  Sohn).— This  book  is  based  upon  the 
university  lectures  of  one  of  the  foremost  German  authorities  on 
the  subject  of  heredity. 

After  a  general  discussion  of  the  chemical  and  physical  proper- 
ties of  the  cell,  and  their  relation  to  the  phenomena  of  life, 
growth,  cellular  differentiation,  sexual  differentiation,  and  repro- 
duction, the  various  theories  of  inheritance  are  reviewed  in  their 
relation  to  the  cytological  phenomena.  The  theories  of  variation, 
natural  selection,  and  evolution  are  taken  up  historically,  and 
examined  critically  in  the  light  of  the  more  recent  discoveries. 

The  Mendelian  doctrine  is  naturally  given  particular  emphasis, 
and  the  close  agreement  is  shown  between  the  segregation  of 
characters,  the  purity  of  the  germ  cells,  and  other  Mendelian 
phenomena,  and  the  visible  processes  which  take  place  in  the 
cell. 
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In  the  discussion  of  topics  about  which  there  is  still  a  difference 
of  opinion  among  scientists  the  author  is  careful  to  do  justice  to 
both  sides  of  the  question.  The  subject  is  presented  fully  and 
clearly,  in  a  manner  characteristic  of  the  lectures  at  a  German 
university.  w.  r.  c. 

4.  Publications  of  the  Carnegie  histitution  of  Washington. — 
Recent  publications  of  the  Carnegie  Institution  are  noted  in  the 
following  list  (continued  from  p.  81). 

No.  74.  The  Vulgate  Version  of  the  Arthurian  Romances, 
edited  from  manuscripts  in  the  British  Museum  ;  by  H.  Oskab 
SoMMER.  Volume  \\.  Le  Livre  de  Lancelot  del  Lac.  Part  II. 
Pp.  399. 

No.  139.  Guayule  (Parthenium  Argentatum  Gray):  A  Rubber- 
Plant  of  the  Chihuahuan  Desert .;  by  Francis  E.  Lloyd.  Pp.  viii, 
313,  46  plates. 

No.  148.  Calendar  of  Papers  in  Washington  Archives  relating 
to  the  Territories  of  the  United  States  (to  1873);  by  David  W. 
Parker.     Pp.  476. 

No.  149.  The  Production  of  Elliptic  Interferences  in  Relation 
to  Interferometry  ;  by  Carl  Barus.     Pp.  vi,  77. 

No.  154.  Beach-la  Mar.  The  Jargon  or  Trade  speech  of  the 
Western  Pacific  ;  by  William  Churchill.     Pp.  64. 

No.  156.  Feeding  Experiments  with  Isolated  Food-Substances ; 
by  Thomas  B.  Osbornr  and  Lafatkttk  B.  Mendrl  with  the 
cooperation  of  Edna  L.  Ferry.     Pp.  53. 

6.  Publications  of  the  Harvard  College  Observatory ;  by 
Edward  C.  Pickering,  Director. — Recent  publications  are  noted 
in  the  following  list  (continued  from  vol  xxxi,  p.  581)  : 

Annals. — Vol.  LVI,  No.  5.  Classification  of  1688  Southern 
Stars  by  means  of  their  Spectra  ;  by  A,nnie  J.  Cannon.  '  Pp. 
115-164. 

Vol.  LXIV,  No.  7.  Observations  with  the  Meridian  Photom- 
eter during  the  years  1907  and  1908.     Pp.  191-199. 

Vol.  LIX,  No.  7.  Photographic  Observations  of  Occultations  ; 
by  Edward  S.  King.    Pp.  187-203,  2  plates. 

Vol.  LIX,  No.  8.  Transformation  of  Prismatic  to  Normal 
Spectra;  by  Edward  S.  King.     Pp.  205-222,  2  figures. 

Vol.  LXVIIL  Part  IL  Observations  and  Investigations 
made  at  the  Blue  Hill  Meteorological  Observatory,  in  the  years 
1906, 1907,  and  1908,  under  the  direction  of  A.  Lawrence  Rotch. 
Pp,  97-229. 

Circulars. — No.  164.  Nova  Sagittarii,  No.  4.  Five  New 
Variable  Stars  ;  by  Edward  C.  Pickering.     Pp.  3. 

No.  165.  Three  New  Variable  Stars  in  Harvard  Map,  No.  22  ; 
by  Edward  C.  Pickering.     Pp.  4. 

No.  166.  Co5peration  in  Observing  Variable  Stars  ;  by  Edward 
C.  Pickering.     Pp.  7. 

6.  United  States  Naval  Observatory, — The  following  volumes 
have  been  recently  issued  :  Second  Series.     Volume  VI,  Contain- 
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ing  Equatorial  Observations,  1893-1907,  pp.  Ixvii,  388.  Also 
Appendix  I.  Misoellaneons  Astronomical  Fapers  ;  by  Members 
of  the  Naval  Observatory  Staff  ;  pp.  152.  Appendix  II.  Miscel- 
laneous Reports  on  the  Transit  of  Mercury  of  November  10,  1894  ; 
pp.  43.  Appendix  III.  List  of  Publications  issued  by  the  U.  S. 
Naval  Observatory,  1845-1908,  by  Wm.  D.  Hobigan, 'Librarian  ; 
pp.  36. 

Volume  VIL  Pp.  xlvii,  558.  Catalogue  of  23521  Stars  be- 
tween 13*»35'  and  45°  25  South  declination  for  the  Equinox  1850  ; 
from  zone  observations  made  at  the  U.  S.  Naval  Observatory, 
1846-1852.     Compiled  by  W.  S.  Eichelberger  and  F.  B.  Littell. 

7.  Publications  of  the  Allegheny  Observatory  of  the  Unicersity 
of  Pittsburgh, — The  following  have  recently  been  issued : 
Volume  II.  No.  11.  On  the  Photographic  Spectrum  of  fi  LyraB  ; 
by  K.  H.  CuRTiss  ;  pp.  73-120.  No.  12.  The  Radial  Velocities 
of  Twenty-six  Stars;  by  Frank  C.  Jordan;  pp.  121-124. 
No.  13.  On  the  Radial  Velocity  of  R  Lyrae;  by  Zaccheus 
Danibl  ;  pp.  125-26. 

8.  British  Association  for  the  Advancement  of  JScience, — The 
annual  meeting  of  the  British  Association  was  held  at  Portsmouth 
during  the  first  week  of  September.  Sir  William  Ramsay  was 
President,  and  his  address  on  the  ancient  and  modern  views 
regarding  the  chemical  elements  was  full  of  interest.  The  meet- 
ing of  1912  will  be  held  at  Dundee,  with  Professor  E.  A.  Schafer 
as  President,  and  that  of  1913  at  Birmingham. 

9.  Annual  Report  of  the  Board  of  Scientific  Advice  for  India 
for  the  Year  1909,  1910,  Pp.  210.  Calcutta,  1911.— The  Board 
of  Scientific  Advice  for  India  includes,  in  addition  to  the  Presi- 
dent, Hon.  E.  D.  Maclagan,  Secretary  to  the  Government,  ten 
gentlemen  who  are  the  respective  heads  of  the  prominent  scien- 
tific departments  of  the  country,  as  the  Superintendents  of  the 
Museum  and  of  the  Trigonometrical  Surveys,  the  Inspector- 
Generals  of  Agriculture  and  of  Forests,  the  Directors  of  the  Geo- 
logical and  of  the  Botanical  Surveys,  etc.  This  volume  gives  an 
interesting  account  in  very  concise  form  of  the  results  accom- 
plished in  the  many  lines  of  scientific  work  carried  forward  by 
the  Indian  Government  during  the  year. 

10.  Seismological  Society  of  America. — Number  2  of  the 
Bulletin  of  the  Seismological  Society  has  been  issued  containing 
a  series  of  papers,  among  which  may  be  mentioned  :  Surface 
measurements  of  earthquake  displacement,  by  Alexander  McAdie; 
Measurements  of  earthquake  monuments,  by  B.  A.  Baird  ;  Rela- 
tions of  surface  geology  to  intensity,  by  J.  C.  Branner  ;  The 
earthquake  of  Southeastern  Maine  (March  21,  1904),  by  Harry 
Fielding  Reid  ;  The  observation  of  earthquakes,  by  H.  O.  Wood  ; 
Shocks  recorded  at  Ann  Arbor  during  1910,  by  W.  J.  Hussey  ; 
A  boundary  line  deflection,  by  R.  B.  Symington. 
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84 :  Eighth  Mineral  List :  A  descriptive  list  of  new  arrivals, 
rare  and  showy  minerals. 

85  :  Minerals  for  Sale  by  Weight:  Price  list  of  minerals  for 
blowpipe  and  laboratory  work. 

86:  Minerals  and  Rocks  for  Working  Collections:  List  of 
common  minerals  and  rocks  for  study  specimens;  prices 
from  1%  cents  up. 

Catalogue  26:  Biological  Supplies:  New  illustrated  price  list 
of  material  for  dissection ;  study  and  display  specimens; 
special  dissections;    models,  etc.     Sixth  edition. 

Any  or  all  of  the  above  lists  will  be  sent  free  on  request.  We  are 
constantly  acquiring  new  material  and  publishing  new  lists.  It  pays  to 
be  on  our  mailing  list. 
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URAL  MOUNTAINS. 


It  IB  a  number  of  years  since  any  dealer  in  America  has  had  such  a  collection 
of  minerals  and  gem  crystals  as  I  have  just  received.  On  account  of  lack  of 
space  I  cannot  give  an  extensive  description,  but  will  state  that  the  collec- 
tion consists  of  rare  minerals,  gem  crystals  and  numerous  polished  speci- 
mens. Also  included  in  this  consignment  is  a  large  quantity  of  massive,  gem 
quality  malachite,  suitable  for  cutting,  and  also  polished  specimens. 

In  the  same  shipment  I  received  a  large  assortment  of  malachite,  rhodo- 
nite, jasper  and  rare  marble  boxes.  Also  dishes,  trays,  cups  and  numerous 
other  ornaments  of  all  the  well  known  stones  found  at  this  celebrated 
locality.  Also  a  unique  collection  of  ornaments  representing  peasant  art  of 
this  region  in  wood,  iron,  jasper,  quartz  and  jade. 


I  take  pleasure  in  announcing  that  the  large  collection  of  minerals  recently 
received  has  been  thoroughly  gone  over  and  properly  labelled  and  is  now 
ready  for  sale.  This  collection  consists  of  over  5,000  specimens  of  excellent 
quality,  some  of  them  from  old  finds,  and  almost  all  very  well  crystallized. 
Let  me  know  what  you  desire  and  I  shall  be  pleased  to  send  you  a  selection 
on  approval,  prepaid. 

INTERESTING  QUARTZ  CRYSTALS  FROM  A  NEW  FIND. 

I  have  just  received  several  hundred  quartz  crystals  from  a  new  find  at 
Albuquerque,  New  Mexico.  These  crystals  are  of  a  rose  color,  unique  in 
form,  most  look  like  cubes  and  are  very  sharp.  Prices  from  10  cents  to  25 
cents  each.  No  collector  should  be  without  a  series  of  these  interesting 
crystals. 

ARE  YOU  INTERESTED  IN  GEMS? 

If  so,  you  will  find  my  stock  now  richer  than  ever  before  in  beautiful 
examples  suitable  both  for  jewelry  and  specimens.  Among  the  reconstructed 
gems  in  my  stock,  all  of  which  are  of  the  finest  quality,  I  will  mention  the 
following  :  Rubies,  blue,  pink,  white  and  yellow  sapphire ;  and  an  unusually 
large  stock  of  common  and  rare  Semi-Precious  and  Precious  Stones,  both 
out  and  in  the  rough.  I  am  able  to  supply  any  gem  desired,  in  best  quality 
and  all  sizes. 


Any  of  the  above  which  may  be  desired  for  selection  I  shall  be  glad  to 
send  on  approval  to  patrons  and  customers.  Information  and  prices  of  indi- 
vidual specimens  cheerfully  furnished  upon  request. 


A.  H.  PETEREIT. 

8i — 83   Fulton   Street,   New  York  City. 
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Abt.  XXXYI. — Several  Lecture  Experiments  in  Elementary 
Physics  ;  by  D.  Albebt  Kbeideb. 

Believing  that  it  may  prove  of  service  to  other  teachers  of 
the  subject,  the  author  has  been  persuaded  to  put  into  print 
the  following  description  of  some  apparatus  and  experiments 
which  have  been  yielding  gratifying  results  for  a  number  of 
years.  It  represents,  in  part,  a  development  here  which  is  the 
result  of  continuous  effort  to  simplify  and  to  expedite  experi- 
mental demonstrations ;  to  enable  the  student,  as  well  as  the 
demonstrator,  to  see  distinctly  all  details  of  both  the  manipula- 
tion and  the  result  of  experiments  ;  and  primarily,  wherever 
possible,  to  provide  for  the  student's  personal  observation  of 
all  numerical  readings. 

1.  A  Projection  CeU. — With  the  projection  cell  and  its 
equipment,  illustrated  in  figure  1,  a  few  minutes  suffice  to 
demonstrate  the  essential  construction,  the  chemical  action  and 
the  voltage  of  several  types  of  cells,  and  all  of  the  methods  of 
depolarization.  The  cell  shown  was  originally  cut  from  a 
commercial  four-ounce  bottle  or  rectangular  section  and  has 
proved  sufficiently  satisfactory  to  be  continued  in  service  ever 
since.  A  bottle,  when  free  from  conspicuous  defects,  avoids 
the  annoyance  of  leaky  cells  and,  despite  considerable  irregu- 
larities in  the  thickness  of  the  glass,  a^ords  projections  which 
are  perfectly  distinct.  The  porous  partition  between  the  com- 
partments A  and  £  of  the  cell  was  cut  from  a  chemist's 
unglazed  porcelain  drying  dish  ;  the  flange  on  which  the  plate 
normally  rested  serving  to  close  off  half  of  the  neck  of  the 
bottle.  It  was  joined  to  the  glass  by  a  paraffin  seal,  with  pre- 
cautions against  excessive  clogging  of  the  pores.  A  glass 
tube,  provided  with  a  stopcock  and  long  enough  to  clear  the 
side  01  the  projection  lantern,  was  attached  to  the  neck  of  the 
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bottle  by  a  rubber  stopper.  The  cell  was  held  in  proper  posi- 
tion by  means  of  a  clamp  attached  to  the  neck  or  the  bottle 
and  to  the  side  of  the  lantern. 

A  variety  of  readily  changeable  electrodes  is  provided  by 
the  construction  shown  at  C  and  D.  The  anode,  C,  is  formed 
of  a  No.  12  copper  wire  soldered  to  a  rod  of  zinc ;  the  combi- 
nation being  bent  into  the  form  of  an  inverted  Uand  attached 
to  the  end  of  a  brass  rod  about  3°""  in  diameter.     A  similar 

Fig.  1. 


construction  characterizes  the  cathode  D ;  in  which  a  strip  of 
platinum,  0*5  by  6^°,  and  sufficiently  stiff  to  be  readily  handled, 
takes  the  place  of  the  zinc  of  the  anode.  The  brass  rods  of 
these  electrodes  slide  through  the  split  brass  bushings,  H.  The 
latter  are  attached  to  one  end  of  a  brass  rod,  the  other  end  of 
which  carries  a  binding  post,  and  are  supported  by  the  lantern 
rods,  L,  by  means  of  iron  rods  and  the  ebonite  insulators,  E. 

It  will  be  seen  that  by  simply  raising  C  or  D  sufficiently  to 
clear  the  sides  of  the  cell  and  tlien  rotating  them  through  180°, 
a  change  of  either  electrode  is  promptly  effected  without  any 
disturbance  of  the  electrical  connections. 
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Yery  satisfactorjr  results  may  be  obtained  with  any  galva- 
nometer whose  indications  can  be  read  by  the  class.  Originally 
we  used  one  of  the  Max  Kohl  type,  shunted  with  a  variable 
but  low  resistance,  by  means  of  which  adjustment  could  be 
made  for  a  suitable  range  of  deflections  for  the  different  cells, 
without  reducing  the  current  through  the  cell  to  a  magnitude 
which  would  be  unfavorable  to  the  development  of  the  phe- 
nomena of  polarisation.  A  voltmeter  connected  in  parallel 
with  the  galvanometer  circuit,  while  not  essential  to  the 
experiment,  makes  it  much  more  complete.  For  the  past  two 
years  we  have  had  the  advantage  of  an  admirable  wall  volt- 
meter, which  has  a  large  illuminated  scale,  neatly  executed 
after  our  own  design  by  the  Weston  Instrument  Company.  It 
is  easily  legible  from  all  parts  of  the  lectnre  room  ;  and  dis- 
tinctly shows  the  constant  voltage  of  the  Daniell  and  Grove 
types  of  cells  by  the  instantaneous  return  to  the  original  read- 
ing on  open  circuit,  as  well  as  a  pronounced  effect  of  mechan- 
ical depolarization  in  the  simple  cell. 

With  both  of  the  compartments  of  the  cell,  A  and  B,  tilled 
with  dilute  sulphuric  acid  and  using  the  two  copper  electrodes, 
the  class  observes  that  there  is  neither  current  nor  difference 
of  potential.  Changing  the  anode  from  copper  to  the  amalga- 
mated zinc  results  m  a  pressure  of  about  0*8  of  a  volt,  and  on 
closing  the  galvanometer  circuit  a  considerable  current  is  indi- 
cated. The  rapid  decrease  of  the  deflection,  with  the  simul- 
taneous accumulation  of  hydrogen  on  the  cathode,  both  being 
visible  to  the  class,  clearly  shows  the  cause  and  the  effect  or 
polarization.  On  opening  the  galvanometer  circuit  the  volt- 
age is  found  to  be  lower  than  the  original.  Flicking  the 
cathode  with  one's  finger  sends  the  bubbles  of  gas  scurrying 
through  the  liquid,  which  is  accompanied  by  an  increased 
deflection,  illustrating  a  mechanical  depolarization.  The  latter 
effect  is  the  more  noticeable  on  the  voltmeter  with  the  galva- 
nometer circuit  open. 

After  drawing  off  the  contents  of  B,  that  compartment  is 
refilled  with  concentrated  copper  sulphate  solution,  which  is 
conveniently  accomplished  by  the  aid  of  a  small  flask  with  a 
long  neck.  The  Daniell  cell  thus  formed  shows  the  unit  volt- 
age and  the  galvanometer  indicates  an  appreciably  greater  and 
constant  current.  No  gas  appears ;  but  tne  class  plainly  sees  a 
change  in  the  vicinity  of  the  cathode,  made  obvious  by  absorp- 
tion and  refraction  effects,  which  is  evidence  of  the  action  of 
which  he  has  previously  had  an  explanation.* 

*  Oar  general  plan  has  been  to  have  the  discnssiona  of  principles,  inclnd< 
ing  blackboard  sketches,  etc.,  precede  the  experimental  demonstrations 
wMch  aie  distribnted  through  all  of  the  exercises  of  the  week.  The  arrange- 
ment may  appear  wasteful  of  both  time  and  energy  ;  on  the  other  hand,  it 
has  the  great  advantage  of  presenting  the  experiment  at  the  moment  when 
it  is  most  intelligible  and  significant. 

Digitized  by  LjOOQIC 


332       Kreider—  Experiments  in  Elementary  Physics, 

To  illustrate  the  Grove  cell,  as  a  type  of  the  oxidizing  depo- 
larizers, the  copper  sulphate  is  withdrawn  and  washed  out  with 
a  little  water — all  of  which  proves  of  interest  to  the  observer. 
The  platinum  cathode  is  then  inserted  in  place  of  the  copper 
and  some  concentrated  nitric  acid  is  poured  into  B;  where- 
upon the   galvanometer  deflection  is  still  greater  and   again 

remains  constant.     It  is  interesting  to 
Fig.  2.  show  that  both  in  the  Daniell  and  in 

the  Grove  cell  the  voltmeter  instantly 
returns  to  its  original  reading  when 
the  galvanometer  circuit  is  opened.  If 
the  action  goes  on  long  enough  in  the 
Grove  cell,  bubbles  again  appear:  but 
the  difference  from  hydrogen  is  obvi- 
ous both  from  the  lack  of  the  large 
back  EMF  and  from  chemical  tests 
that  may  be  applied. 

A   similar  cell,  without  the  porous 
partition,  but  with  corresponding  inter- 
^  changeable  electrodes,  of  whicli  each 

2  has  a  platinum,  a  lead  and  a  copper 

X  terminal,  serves  to  illustrate  a  variety 

I  of  electrolytic  effects,    including  the 

7  principle  of  the  storage  cell.     These 

♦  electrodes  niay  of  course  be  made  with 

^  four  terminals  each,  instead  of   two, 

to  answer  for  both  purposes.  But  it 
is  rather  more  satisfactory  to  have 
two  sets  of  electrodes  to  tit  the  same 
holders,  H. 

2.  Boyle^s  Law   Apparatus, — For 
lecture  room  demonstrations  the  old 
shepherd'g-crook  apparatus  is  of  little 
more  value  than  a  blackboard  demon- 
stration.    Several  features  of  the  fol- 
lowing piece  of  apparatus  have  made 
its  use  liere  most  satisfactory.      The 
manipulation  is  so  simple  and  obvious 
I  and  the  results  so  direct  as  to  enable 
I  each  student,  even  those  in  the  more 
remote  parts  of  the  room,  to  make  his 
own  readings  and  veritications  of  the  law.     So  little  time  is 
required  for  the  manipulation  that  the  number  of  experiments 
may  be  multiplied  and  extended  over  different  ranges,  which 
affords  the  student  a  more  satisfactory  demonstration  and  simul- 
taneously an  excellent  mental  drill. 

The   volume  tube   is  about  25°"  long,  of  uniform  internal 
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diameter — about  8"™ — and  rather  thick-walled  for  purposes 
of  magniiication.  A  stopcock  is  sealed  to  the  upper  end, 
which  with  good  stopcock  grease  is  easily  made  perfectly  tight. 
The  lower  end   is  adapted  to  receive   a  heavy  walled  com- 

Eression  tube  of  rubber.  The  glass  tube  is  mounted  on  a 
lock  of  wood  which  is  painted  a  good  dead-white  with  hori- 
zontal dead-black  lines  about  2*"°^  wide  and  one  inch  on  centers. 
These  lines  were  numbered  as  shown.  In  attaching  the  volume 
tube  to  the  block  thus  painted,  allowance  was  of  course  made  for 
the  constriction  at  the  stopcock,  so  that  the  graduations  should 
represent  equal  volumes.  The  reservoir  was  laid  into  another 
block  of  wood  which  was  also  painted  a  dead-white.  Both  of 
these  blocks  were  provided  with  tongues  which  matched  verti- 
cal grooves  in  the  standard,  serving  as  guides.  Endless  cords, 
carrying  iron  counterpoises  which  hang  back  of  the  standard 
and  are,  therefore,  not  shown,  supported  both  blocks  with 
their  mountings.  This  arrangement  permits  of  easy  and 
prompt  adjustment  of  pressures  greater  or  less  than  the  atmos- 
phere and,  providing  the  cords  run  in  smoothly  rounded 
grooves  at  the  top,  rather  than  in  pulleys  as  they  do  at  the 
bottom,  sufficient  friction  is  obtained  to  hold  the  reservoir  and 
tube  in  any  desired  relative  position  without  the  necessity  of 
clamps.  A  pinchcock  on  tne  rubber  connecting  tube,  so 
adjusted  as  to  damp  the  oscillations  of  the  mercury,  facilitates 
the  adjustments. 

T  is  a  white,  endless  tape,  one  inch  wide,  on  which  an  inch 
scale  was  painted.  It  was  found  convenient  to  extend  this 
scale  in  both  directions  from  zero,  as  shown.  The  tape  runs 
over  wooden  pulleys  at  the  top  and  bottom  of  the  standard,  by 
which  it  is  also  held  flush  with  the  faces  of  the  blocks  on  which 
the  volume  tube  and  reservoir  are  mounted. 

One  of  the  chief  difficulties  in  this  and  similar  apparatus  is 
to  secure  scales  sufficiently  distinct  to  be  read  at  a  distance. 
The  size  of  the  figures,  within  obvious  limits,  is  of  relatively 
less  importance  than  the  provision  of  ample  space  between  the 
figures  and  between  parts  of  the  figures.  Where  the  figures 
are  necessarily  limited  in  size,  a  very  satisfactory  scale,  legible 
to  the  normal  eye  at  a  distance  of  forty  feet,  can  be  made  of 
figures  about  2*^  in  height  and  3°™  width  of  stroke  in  dead- 
black  on  a  dead-white  surface;  providing  at  least  the  same 
width,  3""°,  of  white  space  is  retained  between  all  parts  of  the 
figures  as  well  as  between  the  separate  figures. 

To  illustrate  the  convenience  and  the  clearness  of  the  demon- 
stration by  this  apparatus,  suppose  the  level  of  the  mercury  in 
both  limbs  to  have  been  brought  to  4  on  the  scale  of  the  vol- 
ume tube  before  closing  the  stopcock.     The  barometer  then 
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indicates  the  pressure  under  which  this  known  volume  of  gas 
exists ;  and  there  is  no  mystery  as  to  how  the  gas  got  there  or 
how  the  equilibrium  condition  was  ever  practically  attained, 
which  were  two  unprofitable  difficulties  presented  to  the 
thoughtful  student  by  the  older  apparatus.  The  class  is  then 
asked  to  calculate  the  position  of  the  mercury  surface  in  the 
reservoir  when  it  is  so  moved  as  to  reduce  the  volume  of  gas 

to  (say)  3.     They  assume  that  Toe  p  ;  and  since  V,  =  f  ^i, 

P,  =  ^P,  =  -^  in  excess  of  the  barometer  =  lO'^  +  Bar.  The 
adjustment  is  then  made  and  the  zero  of  the  tape  is  moved 
into  alignment  with  the  nearest  mercury  surface,  which  is 
seen  to  be  10  inches  from  the  other.  After  one  such  demon- 
stration most  of  the  class  will  promptly  answer  for  the  cases 
when  Y,=  5,  2,  6  or  8,  in  all  oi  which  the  numerical  work  is 
so  simple,  when  the  barometer  is  30  inches,  as  to  be  easily  and 
promptly  handled  mentally.  For  the  purposes  of  a  lecture 
demonstration  a  barometer  of  30  inches  may  be  assumed  with- 
out trouble  in  the  experiment,  except  on  the  rare  occasions 
when  the  atmospheric  pressure  departs  greatly  from  the  normal. 
It  has  the  great  advantage  of  simplifying  the  numerical  work 
and,  when  followed  by  problems  which  are  sufficiently  varied, 
no  harm  is  done.  While  the  class  is  making  its  mental  calcu- 
lation the  desired  adjustments  may  be  made,  without  preju- 
dicing the  results,  providing  the  tape  is  meanwhile  kept  in  motion 
or  turned  with  its  printed  bide  back.  The  experiment  can  of 
course  be  varied  by  starting  with  any  volume  and  pressure  and 
with  a  fixed  scale,*  as  with  any  other  apparatus. 

Sloane  Physical  Laboratory, 
Yale  University, 
Aug.  10,  1911. 
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Abt.  XXXVII. — The  Faunal  Succession  in  the  Port  Clarence 
Limestone^  Alaska;*  by  Edward  M.  Kindle. 

Introduction. — The  faunas  under  discussion  in  this  paper 
represent  the  nearest  geographic  approach  of  American  fossil 
faunas  to  those  of  Asia.  The  limestones  holding  them  are 
typically  developed  in  the  western  part  of  the  Seward  Penin- 
sula, which  extends  westward  to  within  60  miles  of  eastern 
Asia.  Reconnaissance  surveys  which  were  begun  by  Brooks 
and  Shrader  in  1899,  and  continued  by  various  members  of  the 
Alaskan  Divisi<m  of  the  U.  S.  Geological  Survey,  furnished  in 
1908  a  preliminary  geological  map  of  the  major  portion  of  the 
Seward  Peninsula.f  P.  S.  SmithJ  has  recently  published  a 
summary  of  the  geology  of  the  Peninsula  and  a  general  map 
showing  the  geology  of  a  considerable  area  to  the  eastward  of 
that  covered  by  the  earlier  map.  The  only  beds  which  have 
yielded  well-preserved  fossils  in  the  Seward  Peninsula  are 
included  in  a  single  cartographic  unit  called  the  Port  Clarence 
limestone  on  the  map  published  in  1908.  A  portion  of  this 
map  is  here  reproduced.     (See  fig.  1.) 

The  writer's  field  work  was  confined  almost  entirely  to  the 
limestones  which  have  been  referred  to  the  Port  Clarence. 
Nearly  all  the  other  sedimentary  beds  in  this  region  have 
undergone  severe  metamorphism.  The  collections  which  were 
made  from  these  limestones  in  different  parts  of  the  Peninsula 
demonstrate  the  composite  character  of  the  beds  which  have 
been  referred  to  this  formation.  The  beds  which  have  been 
mapped  as  Port  Clarence  limestone  include  horizons  ranging 
in  age  from  Cambrian  to  Devonian  or  Carboniferous.  The 
determination  of  the  thicknesses  and  relationships  of  the  sev- 
eral terranes  which  have  been  included  under  the  name  of  the 
Port  Clarence  limestone,  must  await  the  completion  of  much 
detailed  work  on  the  stratigraphy  and  faunas  of  the  region. 
The  present  paper  will  attempt  to  give  only  the  order  of  succes- 
sion and  correlation  of  the  several  faunas  which  are  known  in 
it,  and  preliminary  lists  of  the  species  represented. 

The  material  representing  the  various  horizons  varies  con- 
siderably in  quality  and  completeness.  The  younger  of  these 
faunas  are  very  imperfectly  known  owing  to  the  metamorph- 

*  Pablifihed  with  the  permission  of  the  Director  of  the  U.  S.  Geological 
Survey. 

f  Collier,  Hess,  Smith  and  Brooks,  The  gold  placers  of  parts  of  the  Seward 
Peninsula,  Alaska  :  BuU.  U.  S.  Geol.  Survey  No.  328,  pis.  X-XI,pp.  61-110, 
1908. 

j:  Smith,  P.  S.,  Geology  and  mineral  resources  of  the  Solomon  and  Cassa- 
dapaga  quadrangles,  Seward  Peninsula,  Alaska :  Bull.  U.  S.  Geol.  Survey 
No.  433,  pp.  19-30,  pi.  II,  1910. 
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ism  of  the  beds  containing  them.  These  later  terranes  have 
furnished  sufficient  material,  however,  to  correlate  the  rocks  of 
certain  localities  definitelv  with  the  Carboniferous  and  Silurian 
faunas  in  other  parts  of  Alaska  where  the  faunas  are  well  pre- 


Fio.  1. 


Fig.  1.  Geologic  sketch  map  of  the  western  part  of  the  Seward  Peninsula 
showing  the  type  region  of  the  Port  Clarence  limestone.  (After  Brooks, 
Knopf,  and  others.) 

served  and  well  known.  In  the  case  of  the  Ordovician  fauna 
the  collections  have  afforded  excellent  material,  representing 
not  only  better  fossils  but  a  much  larger  fauna  than  has  been 
obtained  elsewhere  in  Alaska  from  rocks  of  this  age.  The 
Cambrian  fauna  is  also  represented  by  well  preserved  shells. 
It  includes,  however,  a  rather  small  number  of  species  which 
are  represented  by  great  numbei-s  of  individuals.     Since  the 
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Cambrian  fauna  has  not  previously  been  found  in  Alaska,  its 
occurrence  here  is  of  unusual  interest. 

Areal  distribution  and  general  relations  of  the  Port  Clar- 
ence.— A  limestone  series  of  considerable  thickness,  known  as 
the  Port  Clarence  limestone,  covers  an  extensive  area  in  the 
western  part  of  the  Seward  Peninsula.  This  formation 
includes  the  oldest  rocks  in  the  Peninsula  whose  age  has  been 
determined  by  paleontologic  evidence.  It  appears  that  meta- 
morphism  has  affected  the  area  of  the  York  Mountains  in 
whicli  these  rocks  occur  less  than  any  other  part  of  the  Seward 
Peninsula  (see  map  fig.  1).  As  a  result  of  the  slight  altera- 
tions which  they  nave  suffered  we  have  a  more  complete 
knowledge  of  the  faunas  of  these  rocks  than  we  have  of  any 
other  portion  of  the  geologic  column  in  the  Seward  Peninsula. 
The  type  locality  of  the  Port  Clarence  limestone  is  in  the 
western  part  of  the  Peninsula,  in  the  York  Mountains  north  of 
Port  Clarence  harbor.  Collier*  applied  the  name  to  the  lime- 
stones from  which  the  York  Mountains  have  been  carved. 
According  to  Collier's  original  description, — 

"  This  formation  comprises  a  thickness  of  at  least  2,000  feet 
of  almost  pare  limestone.  The  basal  beds  are  flaggy  and 
slightly  scnistose,  but  the  strata  become  more  massive  in 
ascending  the  6eries."t  Collier's  later  provisional  estimate 
which  gives  this  limestone  series  a  thickness  of  "  at  least  5,000 
feet":]:  seems  more  likely  to  prove  an  underestimate  than  an 
overestimate  of  their  thickness.  These  limestones  are  in  gen- 
eral thin-bedded,  as  shown  in  figure  1,  usually  non-magnesian, 
and  are  prevailingly  bluish  or  dark  gray  in  color.  They 
occupy  an  area  of  about  1,400  square  miles  in  the  York  Moun- 
tain region.  On  the  west  the  limestones  terminate  abruptly 
against  a  broad  belt  of  argillites  composed  mainly  of  black  slates 
but  including  greenstones,  sandstones  and  limestones,  whose  rela- 
tive abundance  is  in  about  the  order  named.  (See  fig.  1.)  Widely 
divergent  opinions  have  been  held  regarding  the  relationship 
of  the  limestones  and  the  argillite  series  by  geologists  who 
have  worked  in  this  rea:ion.  Brooksg  placed  the  slate  or  argil- 
lite  series  below  the  limestone  series  which  were  later  called 
Port  Clarence  limestone.  Hess||  considered  the  black  shale 
series  to  be  probably  younger  than  the  Port  Clarence.  Collier^f 
and  Knopf**  on  the  other  hand  agree  that  the  slates  are  older 

^  Prof.  Paper  U.  S.  Geol.  Survey,  No.  2,  p.  18,  1902. 

^Op.  cit.,  p.  19. 

(BuU.  U.  S.  Geol.  Snrvey,  No.  828,  p.  73,  1908. 

S  Brooks  ftnd  Shrader,  Reconnaissance  of  the  Cape  Nome  and  Norton 
Bay  regions,  Alaska,  in  1900 ;  A  special  publication  of  the  U.  S.  Geol.  Sur- 
vey, p.  30.  1901. 

I  Bull.  U.  S.  Geol.  Survey,  No.  284,  p.  14, 1906. 

II  Prof.  Paper  U.  S.  Geol.  Sui-vey,  No.  2,  p.  18,  1902. 
*»Bull.  U.  S.  Geol.  Survey,  No.  858,  pp.  12-13,  1908. 
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than  the  limestones  but  disagree  as  to  the  character  of  the  con- 
tact between  the  two  series.  Collier*  at  first  believed  the  two 
terranes  to  be  unconformable  but  later  found  evidence  of  fault- 
ing at  the  contact,  while  Knopff  reports  a  transition  zone  into 
the  slates  at  the  base  of  the  Port  Clarence,  An  explanation 
of  the  relationship  of  the  two  terranes  which  seems  to  require 
more  careful  consideration  than  lias  been  given  it,  is  that  of 

Fig.  2. 


Fig.  2.     Typical  view  of  the  Port  Clarence  limestone  near  Cape  York. 

faulting.  Conclusive  evidence  regarding  the  order  of  succes- 
sion of  these  beds  apparently  must  await  the  discovery  of 
fossils  in  the  black  slates. 

On  the  eastward  the  limestone  of  the  type  region  of  the 
Port  Clarence  is  limited  areally  by  a  series  comprising  slates, 
schists,  greenstones  and  undifferentiated  limestones.  This 
series  is  supposed  by  the  geologists4  who  have  mapped  this 
area,  to  precede  the  Port  Clarence  limestone  in  this  section. 
Two  small  areas  of  noncalcareous  rocks,  mostly  slates,  lie  like 
islands  in  the  midst  of  the  Port  Clarence  limestone  area.    One 

•Prof.  Paper  U.  S.  Geol.  Survey,  No.  2,  p.  18,  1902.     Bull.  U.  S.  Geol. 
Survey,  No.  328,  p.  72,  1908. 

f  Bull.  U.  S.  Geol.  Survev,  No.  358,  p.  13,  1908. 
JBull.  U.  S.  Geol.  Survey,  No.  328,  pp.  69-79,  1908. 
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of  these  lies  between  the  Don  and  California  Rivers,  and  the 
other  extends  northward  from  Brooks  Mountain.  (See  fig.  1.) 
Both  of  these  have  been  correlated,  without,*  however,  any  con- 
clusive evidence  of  their  identity,  with  the  slate  series  lying  west 
of  the  Port  Clarence  limestone.     Knopfs  contribution  to  the 

?uestion  of  the  order  of  succession  of  these  slates  and  the  Port 
llarence  limestone,  is  the  statement  that  they  are  connected 
by  a  transition  zone  in  which  the  "  limestones  of  the  Port 
Clarence  formation  merge  imperceptibly  into  members  of  the 
slates,"t  and  that  their  present  order  of  superposition  in  the 
vicinity  of  Brooks  Mountain  represents  their  original  order. 
A  small  collection  of  fossils  presented  to  the  writer  by  Mr. 
Peter  Esch  of  Nome,  Alaska,  is  of  interest  in  this  connection. 
Mr.  Esch  states  that  these  fossils  were  collected  by  him  on  the 
southeast  slope  of  Brooks  Mountain  between  1,000  and  2,000 
feet  above  sea  level.  Dr.  T.  W.  Stanton  has  furnished  the 
following  report  on  this  collection  : 

"  The  fossils  (No.  5654)  include  the  following  species :  Dao- 
nella  sp.  related  to  D,  lomelli  Wissmann,  Ceratites [QymnotO' 
ceraa)  sp. 

These  are  characteristic  Triassic  fossils  and  probably  came 
from  the  Middle  Triassic.  The  collection  is  interesting  from 
the  fact  that  it  affords  the  first  evidence  of  the  existence  of 
Triassic  rocks  in  that  part  of  Alaska.'-;]: 

If  these  fossils  were  found  at  Brooks  Mountain  as  the  col- 
lector reports,  the  black  slates  in  the  vicinity  of  Brooks  Moun- 
tain are,  in  part  at  least,  of  Triassic  age  and  Triassic  sediments 
are  present  in  the  Seward  Peninsula  as  at  Cape  Thompson,  125 
miles  to  the  northward,  where  the  writer  has  found  a  Triassic 
fauna  following  the  Carboniferous  limestones.§ 

From  the  type  region  of  the  Port  Clarence  in  the  York 
Mountains  its  correlation  has  been  extended  to  various  lime- 
stone masses  elsewhere  in  the  Seward  Peninsula  on  the 
basis  either  of  poorly  preserved  fossils  or  of  stratigraphic 
methods.  In  most  cases  the  limestone  areas  outside  the  York 
Mountain  district  are  altered  by  metamorphism  to  such  an 
extent  as  to  afford  no  paleontologic  evidence  which  will  either 
confirm  or  disprove  the  correlation  which  has  been  made.  In 
one  of  these  metamorphosed  areas  in  the  southern  part  of  the 
Peninsula,  Mr.  P.  S.  Smith  ||  has  begun  the  work  of  resolving 

*  Bull.  U.  S.  Geol.  Survey,  No.  328,  1908. 

fBuU.  U.  S.  Geol.  Survey,  No.  868,  p.  13, 1908. 

{  Letter  to  the  writer  November  18,  1908. 

gKiudle,  E.  M.,  The  sectiou  at  Cape  Thompson,  Alaska,  this  Journal,  vol. 
xxviii,  pp.  527-628,  1909. 

I  Geology  Aud  mineral  resources  of  the  Solomon  and  Cassadapaga  quad- 
rangles, Seward  Peninsula,  Alaska :  Bull.  U.  S.  Geol.  Survey  No.  433,  p.  64, 
1910. 
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some  of  the  limestones  which  have  been  correlated  with  the 
Port  Clarence  into  more  concise  cartographic  units.  The  most 
recent  detailed  work  on  the  geology  of  this  part  of  Alaska  has 
been  done  by  Smith  and  Eakin*  on  an  area  in  the  southeastern 
part  of  the  Seward  Peninsula.  Three  of  the  limestone  areas 
without  the  York  Mountain  region  which  have  been  correlated 
with  the  Port  Clarence  have,  however,  furnished  fossils  which 
show  that  they  are  of  distinctly  later  age  than  the  faunas 
occurring  in  the  typical  Port  Clarence.  These  outside  lime- 
stone areas,  which  are  known  to  be  distinct  from  the  Port 
Clarence  and  of  later  age,  are  known  as  Baldy  Mountain, 
Devil  Mountain,  and  White  Mountain.  Before  considering 
the  data  relating  to  the  age  of  these  areas  which  have  been 
mapped  as  Port  Clarence  beyond  the  York  Mountains,  the 
evidence  showing  the  composite  character  of  the  faunas  in 
the  Port  Clarence  as  found  in  the  type  region  will  be  pre- 
sented. The  fossils  collected  by  the  writer  in  the  York 
Mountain  region  were  obtained  at  somewhat  widely  distrib- 
uted stations.  These  were  selected  with  the  intention  of  deter- 
mining the  thickness  of  the  beds  to  be  ascribed  to  the  different 
faunas  in  the  limestone  series,  but  the  amount  of  time  allotted 
to  the  work,  together  with  the  uncertainty  regarding  some  of 
the  structural  features  involved  in  the  present  orientation  of 
the  limestones,  made  it  impracticable  to  carry  out  the  original 
intention.  Hence  the  more  salient  facts  concerning  the  fauna 
are  presented  without  such  stratigraphic  detail. 

Faunas  of  the  Port  Clarence.  —  The  oldest  fauna  which 
was  found  m  the  Port  Clarence  limestone  occurs  in  the  lime- 
stones exposed  about  the  head  of  Tin  Creek  and  to  the  south- 
east of  Cassiterite  Creek.  Two  fossiliferous  zones  were  found 
in  this  vicinity  separated  by  several  hundred  feet  of  apparently 
barren  limestones.  In  one  of  these,  station  No.  8  at  the  head 
of  the  north  fork  of  Tin  Creek,  fossils  occur  in  abundance  in  a 
single  thin  band  of  limestone  which  seems  to  lie  in  the  midst 
of  barren  beds  at  an  elevation  of  about  2,000  feet  A.  T.  This 
fauna  was  referred  to  Mr.  E.  O.  Ulrich,  whose  determination 
of  the  species  is  as  follows : 

"  Eoorthis  sp.  or  var.  nov.  Closely  allied  to  E.  toichitensis  and 
E.  remnicha  texana  of  Walcott.  These  and  all  similar  species  of 
this  genus  known  to  me  occur  in  the  upper  part  of  Cambrian  and 
in  the  basal  part  of  beds  immediately  following  it.  Haenella 
texana  Walcott  ?  Associated  with  Eoorthis  remnicha  texana  in 
the  Upper  Cambrian  in  Central  Texas."  f 

H|To  the  northward  of  the  zone  holding  this  fauna  the  blue-gray 
limestones  which  are  supposed  to  lie  below  it  stratigraphically 

*  Bnll.  U.  S.  Geol.  Snrvey  No.  449. 
t  Letter  to  the  writer,  Mar.  10,  1909. 
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are  supplanted  in  the  section  by  300  feet,  more  or  less,  of  light 
gray  limestones  which  are  mostlj'  magncbian,  and  are  exposed 
along  the  crest  of  the  mountain  east  of  Oassiterite  Creek.  These 
light-colored  limestones  are  terminated  abruptly  by  a  black 
slate  and  thin-bedded  limestone  series.  The  only  fossils  seen 
in  these  light  grey  limestones  were  a  few  stroraatoporoid  corals. 

Station  i?o.  7  is  located  near  the  head  of  the  sonth  branch  of 
Tin  Creek  at  its  junction  with  a  ravine  from  the  east.  The 
brachiopod  fauna  of  station  7  occurs  in  a  hard  blue-gray  lime- 
stone stratum  a  few  inches  in  thickness  which  lies  just  above  beds 
with  numerous  fucoid-like  impressions.  Brachiopods  belong- 
ing to  a  single  species  are  present  in  abundance  in  this  band  of 
limestone,  but  tney  are  extremely  scarce  or  absent  for  many 
hundred  feet  above  and  below  it.  Several  hundred  feet  of  lime- 
stones separate  this  zone  from  station  No.  8.  These  are  chiefly 
of  the  dark  bluish-gray,  iine  textured  type.  A  60-foot  band  of 
nearly  black  limestone  is  the  only  conspicuous  interruption  of 
the  blue  limestone  series.  An  igneous  intrusion  on  Tin  Creek 
somewhat  interrupts  the  continuity  of  the  limestone  beds 
between  stations  7  and  8. 

The  fossils  collected  at  station  7  have  been  determined  by 
Mr.  E.  O.  Ulrich  to  be  Finkelnhurgia  sp.  nov.  indistinguish- 
able from  a  species  occurring  in  the  Roubidoux  formation  of 
the  Cambrian  in  Missouri.  Concerning  the  age  of  these  two 
faunas  Ulrich  states*  that, — 

"  I  feel  no  hesitancy  in  saying  that  Nos.  7  and  8  are  older  than 
Beekmatitown  (basal  formation  of  the  Ordovician)  and  younger 
than  middle  Cambrian.'' 

In  other  words,  they  are  of  Upper  Cambrian  age.  While  each 
of  these  faunules  is  of  Upper  Cambrian  age,  it  is  not  equally 
clear  from  the  faunal  evidence,  in  the  opinion  of  Mr.  Walcott, 
which  is  the  older  of  the  two.  The  assumption  that  7  is  the 
older  would  involve  less  complicated  structural  relations,  and 
appears,  from  the  writer's  knowledge  of  the  section,  the  more 
probable  as  well  as  the  simplest  interpretation  of  the  succession. 

Two  other  stations  from  which  the  writer  collected  fossils  in 
the  Port  Clarence  limestone  lie  near  the  coast.  These  lots 
were  determined  as  Ordovician.  They  appear  to  belong  in  the 
same  general  zone  which  is  represented  by  previous  collections 
which  were  also  determined  as  Ordovician,  made  by  Wash- 
burnef  at  Merrill  Mountain,  and  Collier:}:  at  Locality  26, 
Seward  Peninsula. 

The  collection  made  by  the  writer  at  Cape  York  (station  No.  9) 
is  represented  by  a  single  species  which  is  present  in  abundance 

*Leit«r  to  the  writer,  Mar.  10,  1909. 

+  Ball.  U.  S.  Qeol.  Survey  No.  828,  p.  78,  1908. 

;.0p.  cit.,  p.  75. 
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in  one  bed  of  limestone.  This  is  identified  by  E.  O.  Ulrich  as 
Eoorthis?  wimani  Walcott.  Mr.  Ulrich's  remarks  on  this  lot 
of  fossils  are  as  follows : 

"Concerning  No.  9,  the  sta^e  of  evolution  attained  by  the 
abundant  ortboid  brachiopod  {Eoorthis?  wimani  Walcott)  which 
comprises  the  entire  known  fauna  of  the  bed,  is  that  known  to 
me  only  in  post-Cambrian.  Although  Mr.  Walcott  has  described 
the  species  as  a  Cambrian  fossil,  I  may  say  that  the  Swedish  geolo- 
gists, in  whose  country  the  typical  E.  wimani  was  found,  do  not 
a^ree  with  this  assignment,  but  place  it  in  the  Ordovician.  In 
this  country  I  have  a  similar — ^possibly  identical — species  in  the 
Beekmantown." 

Another  fannule  which  is  also  of  Ordovician  age,  bnt  some- 
what younger  than  No.  9  in  the  opinion  of  Mr.  IJIrich,  was 
collected  at  the  mouth  of  Lost  River.  The  beds  which  fur- 
nished this  fauna  include  15  feet  of  dark  gray,  thin-bedded 
limestone  near  the  top  of  the  cliffs,  450  yards  southeast  of 
the  mouth  of  Lost  River.  This  is  essentially  a  trilobite  fauna 
and  is  listed  as  follows  by  Ulrich : 

Lot  No.  6. 

Mnclurea  cf.  emmonsi  Billinurs. 
Veratopf/ge?  sp.  undet.     Pygidium  only. 
Encrintirus  ?  sp.  undet.     Pydigium  only. 
BathyuruM^  sp.  undet.     Glabella  only. 
Bathyurusl  sp.  undet. 

Doctor  C.  D.  Walcott  made  a  preliminary  examination  of  this 
lot  of  fossils  and  communicated  the  following  remarks  concern- 
ing it  to  the  writer : 

"There  are  several  species  of  trilobites  in  the  collection  indi- 
cated by  fragments.  All  of  these  indicate  the  Ceratopyge  horizon 
of  the  SwediHh  section.  This  horizon  has  been  placed  both  in  the 
Upper  Cambrian  and  the  Lower  Ordovician.  The  fnuna  may 
also  be  compared  with  that  of  the  upper  portion  of  the  Hamburgh 
shale  of  the  Eureka  District  horizon.  (See  Monographs  8  and 
20,  U.  S.  Geol.  Survey.)"* 

At  the  writer's  request  these  faunas  were  examined  also  by 
Dr.  C.  D.  Walcott  and  Mr.  L.  D.  Burling.  Dr.  Walcott  has 
kindly  furnished  the  following  statement  of  his  views  concern- 
ing the  relative  age  of  these  faunulesif 

"Locality  8  in  approximately  the  equivalent  of  the  Upper  Cam- 
brian in  Oklahoma  and  Texas  and  older  than  Locality  6,  which 
can  be  correlated  with  the  Ceratopyge  fauna  of  Scandinavia. 
The  latter  fauna  I  have  placed  in  the  passage  beds  between  the 
Cambrian  and  the  Ordovician. 

♦Letter  Jan.  9,  1909.  f  Letter  of  Jan.  18,  1911. 
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"  There  is  little  evidence  upon  which  to  base  the  opinion  that 
Locality  7  is  younger  than  Locality  8,  and  the  best  possible 
explanation  of  the  Hcquence  appears  to  be  the  presence  of  a  fault 
somewhere  between  6  and  7." 

It  will  be  noted  that  Dr.  "Walcott  and  Mr.  Ulrich  fully  agree 
on  the  important  points  that  the  faunule  of  station  8  is  of 
Upper  Cambrian  age,  and  that  it  is  older  than  the  faunule  at 
station  6.  Whether  tlie  latter  faunule  should  be  placed  in  the 
passage  beds  between  the  Cambrian  and  Ordovician,  as  sug- 
gested by  Dr.  Walcott,  or  entirely  in  the  Lower  Ordivician,  as 
held  by  Mr.  Ulrich,  is  not  a  matter  of  great  moment  in  this 
connection.  The  order  of  succession  of  the  two  faunnles  on 
which  they  agree,  however,  necessitates  the  postulation  of 
structural  features  between  the  mouth  of  Lost  River  and 
Brooks  Mountain  which  were  not  previously  suspected.  In 
view  of  the  extremely  complicated  structure  which  Smith* 
has  shown  to  exist  in  a  portion  of  the  Seward  Peninsula,  it  is 
perhaps  not  profitable  to  attempt  in  the  light  of  our  present 
knowledge  of  the  structure  of  the  York  Mountain  region  to 
state  just  what  these  structural  features  are. 

Fucoid-like  impressions  are  abundant  between  the  beds  of 
station  6  and  the  coast,  apparently  200  feet  or  more  above 
them  stratigraphically.  Similar  impressions  were  observed 
by  Collier  and  Washburne,  and  are  mentioned  by  Ulrich,f 
who  had  some  doubt  as  to  their  organic  nature,  in  his  report 
on  their  collection.  In  addition  to  the  ^'fucoids"  the  Wash- 
burne collection  contained  fossils  which  UlrichJ  compared  with 
the  following  species : 

Stromatoceriiim  rugoaum 
Hormotoma  hellicincta 
Trochoruma  wp.   < 
Cyrtoceras  ? 
Endoceraa  ? 

These  fossils  were  collected  near  the  mouth  of  Lost  River  and 
appear  to  belong  to  the  same  general  horizon  as  the  fauna 
from  station  6.  They  represent  with  it  an  early  Ordovieian 
horizon.  Knopf§  also  obtained  some  fragmentary  gasteropods 
in  the  Lost  River  valley  which  appeared  to  represent  an 
Ordovieian  horizon. 

The  next  fauna  in  the  order  of  age  which  is  known  in  the 
Port  Clarence  limestone  occurs  in  limestones  on  the  Don  River, 
about  9  miles  from  the  coast.     The  first  collection  from  this 

*  Smith,  P.  S.y  Qeology  and  Mineral  Resonrces  of  the  Solomon  and  Cassade- 
paga  qnadranglea :  Bull.  U.  S.  Geol.  Survey,  No.  433,  pp.  1-234,  1910. 
tBnll.  U.  S.  Geol.  Survey,  No.  828.  p.  78,  1908. 
\  Bull.  U.  S.  Geol.  Survey,  No.  328,  p.  78,  1908. 
§  Bull.  U.  S.  Geol.  Survey,  No.  358. 
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locality  was  made  by  Collier.  Professor  Schuchert's  report 
on  this  fauna  is  as  follows  : 

"  Loc.  45.  Don  River,  4  miles  north  of  Tozier  Creek.  Mac- 
lurinQy  probably  M.  manitohensis  Whiteaves  ;  Columnaria  with 
small  corallites  ;  HaJysites  catenularia  Linne ;  Syringopora  sp. 
undet.  ;  Slreptdasma?  ;  and  an  andeterminfd  Lophoapiray* 

This  fauna  was  referred  by  Schuchert  to  the  Ordovician 
although  he  was  somewhat  perplexed  by  the  unusual  associa- 
tion of  HaJyaiteft^  Syringopora^  and  Maclurina  in  the  same 
fauna.  The  writer's  collections  have  yielded  a  fauna  of  about  40 
species  from  this  loo^ity,  most  of  which  are  in  an  excellent 
state  of  preservation.  This  comparatively  large  fauna  gives  a 
much  more  adequate  conception  of  the  fauna  than  the  original 
collection  and  confirms  the  earlier  determination  of  its  Ordo- 
vician age. 

The  fauna  obtained  by  the  writer  from  Don  River  was 
collected  from  two  sets  of  adjacent  and  closely  similar  beds 
numbered  13a  and  1%.  Station  13a  represents  the  beds 
exposed  in  the  sides  of  a  short  ravine  heading  on  the  slopes  of 
a  mountain  marked  1,242  feet  on  the  mapf  and  joining  Don 
River  nine  miles  from  the  coast.  The  fauna,  unlike  the  earlier 
faunules  which  have  been  described,  is  distributed  through  a 
thickness  of  300  feet  or  more  of  beds  and  includes  a  consid- 
erable variety  of  fossils.  Mr.  E.  O.  UlrichJ  has  furnished  the 
following  list  of  fossils  from  the  limestone  near  the  mouth  of 
this  ravine : 

**  Corals  : 

Halysites  gracilis  var.  1,  (?  var.  harti  Etheridge). 
"  '*  **    2,  with  closer  meshefl. 

"  "  "    3,     "     very  thick  leaves. 

<«  "  "    4,     "     clusters   of    3-8    corallites   at 

intersections. 
Calapcecia  canadensis  var.     Same  in  1 3b  and  in  upper  Rich- 
mond of  Mississippi  Valley. 

Brachiopoda  : 

JStrophomena  trilohata  (Owen)  W.  &  S. 

"  cf.  scufieldi  W.  &  S. 

Rafinesqui7ia  pp.  undet.  (small  spines,  possibly  a  Leptsena). 
Leptcena  n.  pp.      (Clopely  allied  to  one  in  beds  of  lower 

Mohawkian  age  in  Minnesota). 
Dinttrthis  vf.  meedsi  W.  &  S. 
JltherteUa  horealis  Billings? 

Rhynchotrema  increhescens  Hall.     (Small,  new  variety.) 
"  c-f.  sanctipauli  Sardesi>n. 

♦Bull.  U.  S.  Geol.  Survey,  No.  328,  p.  75,  1908. 
f  Bun.  U.  S.  Geol.  Survey,  No.  S2S,  1908. 
i  Letter  to  the  writer,  March  20,  1909. 
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RhynchoneUa  ?  n.  sp. 
Tripkeia  extans  Hall. 

Pblecypoda  : 

Modiolopais  of.  faha  Hall. 
"  sp.  undet. 

Gastbopoda  : 

Patelloid  shell  sugp^esting  Stenotheca  unguiformis  Ulrich. 
Maclurea  higabyi  Hall. 
Lophoapira  sp.  undet. 
Hormotoma  cf.  gracilis  Hall. 

"  cf.  beUicincta  Hall. 

Eotomaria  ?  sp.  undet. 
Trochonema  sp.  undet. 

Trilobita  : 

BumastxM  sp.  undesc.  (near  one  in  beds  of  lower  Mohawkian 
age  in  Minnesota). 

Judging  from  the  general  aspect  of  this  fauna  of  26  species,  it 
seems  unquestionably  Ordovician  in  age.  The  forms  of  Haly sites 
also  are  of  the  type  found  in  the  lower  part  of  rocks  of  Trenton 
and  Black  River  age  in  Minnesota  and  Wisconsin,  and  later  of 
the  Mississippi  Valley  and  elsewhere.'' 

Station  13b  includes  about  100  feet  of  limestones  imme- 
diately north  of  the  mouth  of  the  ravine  mentioned  above,  and 
lying  stratigraphically  probably  200  feet  higher.  This  lime- 
stone is  expoged  in  tne  low  bench  just  south  of  a  small  draw 
and  contains  a  great  profusion  of  corals  in  which  IlaVysites  is 
conspicuous,  frachiopods  are  not  uncommon,  but  less  abun- 
dant. The  following  is  a  list  of  the  fauna  found  there  as 
determined  by  Mr.  Ulrich : 

**  Corals  : 

Columnaria  alveolata  Goldf uss. 

'^  ?  cf.  goldfussi  Billings.      (Can  not  be  distin- 

guished    from    basal     Trenton    form    except    by    closer 
arrangement  of  its  tabulae.) 
Calopcecia  canadensis  Billings. 
Salysites  gracilis  Hall. 

^^  '^       var.  with  small  corallites  and  very  small 

meshes.     (Very  much  like  a  form  in  the  Silurian  at  Wisby> 
Gotland,  received  from  Lindstrom.) 
Stromatocerium  ?  sp.  undet. 

Bktozoa  : 

NicholsoneUa  ?  sp.  undet. 

Bbachiopoda  : 

Leptcena  tenuistriata  Hall. 
Hebertella  ?  sp.  undet. 
jRhynchotrema  capax  ?  Conrad. 

Ajc.  Jour.  Sci.— Fourth  Sierixs,  Vol.  XXXII,  No.  191.— Novkmber,  1911. 
26 
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Pblkctpoda  : 

Ctenodonta  cf.  levata  Hall. 
Gyrtodonta  sp.  andesc. 

Gastropoda  : 

Lioapira  sp.  undet. 

Lophospira  quadrisulcata  ?  U  A.  S. 

"  sp.  undet. 

Trochonema  cf.  umbilicatum  Hall. 

Other  beds  holding  the  same  fauna  as  13b  follow  it  in  the 
section.  These,  togetlier  with  the  limestones  included  in  beds 
13a  and  13b,  appear  to  give  the  limestones  holding  the  fauna 
listed  from  13a  and  13b  a  thickness  of  about  500  feet.  A 
considerable  thickness  of  limestones  follows  these  fossiliferous 
beds  along  the  Don  Eiver  in  which  no  organic  remains  were 
found.  These  may  represent  the  Silurian  limestones.  The 
series  of  limestones  holding  the  fauna  of  stations  13a  and 
13b  are  somewhat  darker  in  color  than  the  Cambrian  and 
Lower  Ordovician  limestones.  Bands  of  very  dark  limestones 
and  of  magnesium  limestone  interpolated  in  the  gray  lime- 
stones are  more  common  in  this  than  in  the  lower  series.  No 
stratigraphic  break  has  been  observed  anywhere  in  the  Port 
Clarence  limestone,  but  it  is  probable  that  one  or  more  such 
breaks  are  present. 

Although  recognizing  the  strong  aflSnities  between  the 
faunules  from  stations  13a  and  13b,  Mr.  Ulrich  is  inclined  to 
consider  the  former  to  be  the  equivalent  of  the  Black  River 
fauna,  and  the  latter  (13b)  to  represent  the  Richmond  fauna. 
The  completely  exposed  section  between  the  two  faunas,  how- 
ever, appears  to  afford  no  evidence  of  any  stratigraphic  break 
which  tne  definite  correlation  with  these  two  Ordovician  hori- 
zons would  suggest. 

The  facts  which  do  not  appear  to  be  open  to  question  or  dis- 
cussion regarding  the  faunas  from  stations  13a  and  b  are  that  (1) 
they  are  distinctly  younger  than  the  trilobite  fauna  from  station 
6  at  the  mouth  of  Lost  River,  and  (2)  they  are  of  Middle  or 
Upper  Ordovician  age.  The  older  of  these  faunas,  13a,  appear 
to  represent  about  the  same  general  horizon  of  the  Ordovician 
as  the  fauna  of  this  age  discovered  by  the  writer  in  the  Porcu- 
pine River  in  northeastern  Alaska.*  Still  another  and  later 
fauna  than  any  of  those  already  noticed  was  found  by  Collier 
in  or  near  the  typical  region  of  the  Port  Clarence  limestone 
in  beds  ascribed  to  that  formation.  This  locality  was  not  revis- 
ited by  the  writer,  hence  the  list  of  species  determined  by 
Schuchert  from  Collier's  collection  will  be  quoted. 

*  Kindle,  E.  M.,  Geologic  Reconnaissance  of  the  Porcupine  Valley, 
Alaska ;  Bull.  Geol.  Soc.  America,  vol.  xix,  p.  823,  1908. 
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**  Loc.  8  AC146  (near  the  forks  of  Rook  Creek,  a  northern  tribu- 
tary of  Agiapuk  River)  has 

Stromatopora  sp. 

Favoaites  favoBus  Gold f ass. 

Favosites  cfr.  niagarensis  Hall  or  F.  gothlandicua  Fought. 

Columnaria?    apparently  closely    related  to    FavisieUa 

reticulata  Salter  of  the  Arctic  Silurian. 
Halyaitea  catenularia /eildeni  Etheridge. 
Haly sites  catenularia  harti  Etheridge. 
DiphyphyUnm  cfr.  muUicaulis  (Hall). 
Alveolites  sp. 

GasteropodSy  one  a  Lophospira^  another  a  Hormotoma. 
Orthoceras  sp.  undeterminable." 

This  fauna  as  determined  by  Prof.  Schnchert  appears  pretty 
clearly  to  represent  the  middle  Silurian.  Larger  collections  of 
it  will  probably  show  that  it  is  the  equivalent  of  the  middle 
Silurian*  fauna  on  the  Porcupine  River  in  northern  Alaska. 

A  late  Silurian  fauna,  comparable  with  the  Guelph,  occurs 
in  a  limestone  which  has  been  correlated  with  the  Port  Clar- 
ence fauna,  but  which  is  unknown  in  the  type  region  of  the 
Port  Clarence.  It  was  originally  discovered  by  Mendenhall  at 
White  Mountain  on  the  Fish  Kiver.  When  this  fauna  was 
first  discovered  the  rich  and  excellently  preserved  fauna  from 
Glacier  Bay  in  southeastern  Alaska  was  unknown  and  unavail^ 
able  for  comparison  with  it,  and  the  few  cross-sections  of  large 
lamellibranchs  representing  the  first  collection  were  provision- 
ally referred  to  the  Mesozoic  or  Tertiary.f  Since  the  south- 
eastern Alaska  fauna  has  become  available  for  comparison 
there  ceases  to  be  any  question  as  to  the  error  of  the  earlier 
opinion.  Through  identity  with  the  Glacier  Bay  and  Fresh- 
water Bay  faunaf  it  is  well  established  that  the  White  Moun- 
tain fauna  is  of  late  Silurian  age.  Several  hundred  feet  of 
white  to  light  gray  magnesian  limestone  forms  an  eminence 
known  as  White  Mountain  which  rises  300  feet  or  more  above 
the  broad  alluvial  plain  of  the  Fish  River.  The  limestone  is 
much  broken  by  joints  and  shows  very  indistinct  bedding 
plains.  Freshly  broken  specimens  emit  a  strong  fetid  odor. 
The  thickness  can  only  be  conjectured.  The  limestone  at 
White  Mountain  contains  in  certain  strata  numerous  specimens 
of  a  large,  thick-shelled  pelecypod  which  is  identical  with  a 
species  occurring  in  southeastern  Alaska— abundantly  at  Glacier 
and  Freshwater  Bays   in  association  with  other  late  Silurian 

*0p.  cit.,  p.  825. 

f  Mendenhall,  W.  C,  A  reconnaissance  in  the  Norton  Bay  region,  Alaska, 
in  1900,  p.  204,  in  Reconnaissances  in  the  Cape  Nome  and  Norton  Bay 
regions,  Alaska,  in  1900 ;  U.  S.  Geol.  Survey,  1900. 

{Brooks,  A.  H.,  Prof.  Paper,  U.  S.  Geol.  Survey,  No.  1,  p.  19,  1902. 
Kindle,  E.  M.,  Jour.  Geology,  vol.  xv,  p.  323,  1907. 
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species.  It  belongs  to  an  undescribed  species  and  has  been 
referred  to  MegaXodon  sp.  A  Murchisonia  of  undetermined 
species  also  identical  with  a  species  from  Glacier  Bay  occurs 
with  the  Megalodon.  The  presence  of  this  large  lamellibranch 
here  leaves  no  doubt  of  the  equivalence  of  the  limestone  at 
White  Mountain  to  the  limestone  at  Glacier  Bay. 

On  the  north  coast  of  the  Seward  Peninsula  the  writer  has 
found  at  Cape  Deceit  a  fauna  which  appears  to  be  the  same  as 
the  fauna  at  White  Mountain.  It  is  represented  by  a  coral 
which  is  probably  a  species  of  Amplextts  and  a  lamellibranch 
apparently  identical  with  the  Megalodon  occurring  at  White 
Mountain.  The  limestone  at  Cape  Deceit  has  the  highlymag- 
nesian  composition  characterizmg  the  limestone  at  White 
Mountain.  Since  both  the  rocks  containing  this  later  fauna 
and  the  fauna  itself  are  here  shown  to  be  distii^ctly  unlike  the 
Port  Clarence  limestone  of  the  type  region  and  any  of  its 
faunas,  there  remain  no  reasons  for  continuing  to  correlate  the 
two  *  as  distinct  formations. 

The  correlation  of  two  other  small  limestone  areas  which  have 
been  referred  to  tlie  Port  Clarence,  appear  to  require  revision 
in  this  connection.  One  of  them  is  the  limestone  eminence 
known  as  Black  Mountain,  located  a  few  miles  above  White 
Mountain  on  the  Fish  River.  The  other  is  Baldy  Mountain 
and  the  closely  related  Harris  Creek  locality  near  the  c;enter 
of  the  Peninsula.  Concerning  the  first  Schuchert  stated  that 
it  "may  also  be  Silurian.^f  From  the  Harris  Creek  locality 
Prof.  Schuchert  recorded  three  generically  determined  corals  % 
which  he  considered  to  indicate  a  middle  Silurian  age.  An 
important  fact  in  this  connection  is  that  the  collection  compris- 
ing the  Harris  Creek  and  Devil  Mountain  faunas  does  not  snow 
a  single  species  common  to  it  and  the  large  collection  from  the 
typical  region  of  the  Port  Clarence,  Three  fossils  were  cited 
by  Schuchert  as  evidence  of  the  Silurian  age  of  the  fauna, 
namely,  Cladopora  sp.  resembles  O,  seriata  Hall  of  the  New 
York  Silurian ;  Striatopora  sp. ;  Alveolites  sp.,  a  branching 
form. 

The  Cladopora  of  this  list,  which  was  compared  with  C. 
seriata^  a  Silurian  species,  appears  to  the  writer  to  resemble 
(7.  labiosay  a  Devoni:m  species,  rather  more  than  O.  seri- 
ata. The  additional  evidence  aflEorded  by  the  writer's  col- 
lection is  meager  and,  as  in  the  case  of  the  earlier  collection, 
rests  on  corals  alone.  It  includes,  however,  a  Favosites  much 
like  F,  radiciformis  and  a  Diphyphyllxim  resembling  D.  archi- 
acai.      The  latter  appears  to  be  identical  with  a  3iphyphyl- 

•Ball.  U.  S.  Qeol.  Survey  No.  828,  map,  1908. 
t  BuU.  U.  S.  Geol.  Survey  No.  828,  p.  77,  1908. 
tOp.cit.,  p.  76. 
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lum  from  Cape  Lisburne  fauna  which  is  kuown  to  be  of  Car- 
boniferoas  age.  The  former  species  is  common  to  the  Devil 
Mountain  and  Harris  Creek  localities.  The  most  abundant 
fossil  in  the  Harris  Creek  and  Baldy  Mountain  localities  is  an 
undetermined  species  of  Striatopora.  Thus  the  three  localities 
appear  to  represent  a  single  horizon.  This  horizon  is  either 
of  Devonian  or  Carboniferous  age,  in  the  writer's  opinion.  It 
certainly  has  much  closer  affinities  with  the  Carboniferous 
fauna  at  Cape  Lisburne^  than  it  has  with  any  fauna  known 
in  the  Port  Clarence  limestone.  The  limestone  at  Baldy  and 
Devil  Mountains  should,  it  is  believed,  be  correlated  with  the 
limestone  at  Cape  Mountain  which  has  been  referred  to  the 
Carboniferous  on  satisfactory  evidenccf 

Summary. — It  has  been  shown  in  the  preceding  pages  that 
the  rocks  which  have  been  mapped  as  Port  Clarence  limestone 
range  from  Upper  Cambrian  to  Devonian  or  Carboniferous. 
The  older  of  these  Paleozoic  rocks,  including  the  Cambrian 
and  Ordovician  beds,  occur  in  the  type  region  of  the  Port 
Clarence,  in  a  limestone  series  which  is  not  known  to  have  any 
stratigraphic  break.  The  middle  Paleozoic  faunas  which  have 
been  included  in  this  limestone  as  it  has  been  mapped  are 
known  only  from  occurrences  outside  the  type  region.  One 
of  these,  a  fauna  of  late  Silurian  age,  is  found  in  a  limestone 
of  very  different  lithologic  type  from  any  known  in  the  type 
region  of  the  Port  Clarence,  which  clearly  represents  a  forma- 
tion distinct  from  either  that  holding  the  Ordovician  on  the 
one  hand,  or  the  Devonian  or  Carboniferous  faunas  on  the 
other. 

It  appears  probable  from  the  data  which  has  been  presented 
that  in  the  more  detailed  work  of  the  future  the  term  Port 
Clarence  limestone  will  have  to  be  restricted  to  beds  character- 
ized by  one  or  more  of  the  pre-Silurian  faunas  noted  in  this 
paper.  There  is  however  not  sufficient  information  available 
concerning  the  range  of  these  faunas  and  the  stratigraphic 
relations  of  the  beds  holding  them  to  justify  a  redefinition  of 
the  formation  at  present. 

•  BuU.  U.  S.  Qeol.  Survey  No.  278,  pp.  22-28,  1906. 
+  BnU.  U.  S.  Geol.  Survey  No.  328,  pp.  81-82,  1908. 
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Abt.  XXXYIII. — Some  Fdctora  Injhteneing  the  Percentages 
of  Mineral  Plant  Foods  Contained  in  Soils;*  by  O.  D.  vowr 
Engeln. 

The  writer  has  attempted  a  correlation  of  selected  soil  anal- 
yses with  soil  history  in  order  to  ascertain  if  any  correspond- 
ence exists  between  the  present  chemical  composition  of  soils 
and  the  formative  processes  involved  in  their  production.  The 
comparisons  presented  are  based  on  avei'ages  of  analyses  chosen 
as  typical ;  and  such  tentative  deductions  as  are  made  are 
founded  primarily  on  the  results  obtained  from  bulk  analyses 
of  soils.  The  numerical  insufficiency  and  incompleteness  in 
publication  of  such  analyses,  available  for  comparison,  proved 
to  be  the  greatest  difficulty  in  making  the  study.  As  it  was 
not  intended  to  take  account  of  the  variations  in  chemical 
composition  of  soils  induced  by  climatic  variation,  the  compari- 
sons are  confined  to  soils  from  the  humid,  temperate,  eastern 
portion  of  the  United  States,  in  order  that  this  factor  should 
be,  as  near  as  possible,  negligible 

A  reiterated  contention  of  the  Bureau  of  Soils,  United  States 
Department  of  Agriculture,  is  variously  expressed  in  such 
terms  as :  ^'  Investigations  have  shown  that  there  are  sufficient 
quantities  of  the  mineral  plant  food  constituents  in  the  soil 
moisture  to  produce  good  crops,  and  tbat  the  supply  is  main- 
tained from  the  continuous  solution  of  the  minerals  of  all 
ordinary  soils  throughout  the  growth  of  the  crop;"t  and: 
'*  The  chemical  composition  of  soils  varies  so  greatly  without 
any  obvious  law  of  general  relationship  to  crop  production 
that  averages  mean  little  or  nothing,  and  figures  are  given 
without  any  attempt  at  averaging."^  These  statements  imply 
that  no  direct  relationship  exists  between  either  the  origin 
or  fertility  of  soils  and  their  chemical  composition. 

The  latter  of  the  two  statements  quoted  above  prefaces  a 
compilation  of  "  acid  digestion  "  analyses  of  soils  of  the  United 
States,  published  in  the  same  bulletin.  An  examination  of 
the  sources  from  which  the  analyses  were  obtained  made  it 
apparent  that  the  data  afforded  no  safe  basis  for  so  broad  a 
generalization.  Aside  from  the  fact  that  incomplete,  i.  e.,  acid 
digestion,  analyses  are  untrustworthy  for  purposes  of  compari- 
son, it  was  also  found  that  many  of  the  analyses  included  in 
the  compilation  were  of  extremely  doubtful  value  from  other 
reasons.     The  exact  origin  and  method  of  sampling  is  in  many 

*  The  writer  desires  to  express  his  obligation  to  Professor  T.  L.  Lyon  and 
Dr.  J.  A.  Bizzell  of  ComeU  University  for  criticisms  and  suggestions  in 
connection  with  this  paper. 

fBuU.  55,  Bureau  of  Soils,  U.  S.  Dept.  of  Agri.,  1909,  p.  63. 

tBull.  67,  Bureau  of  SoUs,  U.  S.  Dept.  of  Agri.,  1909,  p.  61. 
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iDfttances  obficnro.  Again,  a  large  number  of  the  analyses  are 
of  samples  sent  in  by  farmers  to  the  varions  State  experiment 
stations  in  the  hope  that  a  chemical  analysis  would  shed  a 
light  on  some  pecniiarity  of  a,  perhaps,  isolated  and  untypical, 
small  area  of  soil.  In  either  case  such  samples  must  be  con- 
sidered as  being  individually  unrepresentative  of  the  region  of 
their  origin. 

The  analyses  given  by  Merrill*  show  that,  in  humid  regions, 
rock  weathering  results  in  a  greater  proportional  loss  of  the 
relatively  soluble  constituents  of  rock  than  of  the  less  soluble 
substances,  that  is,  primarily  of  silica.  In  other  words,  residual 
soil  contains  a  lesser'  percentage  of  calcium  and  phosphorus 
than  the  rock  material  from  which  it  was  denved.  An 
extreme  case  is  that  of  limestone  residual  soils  which  are  often 
almost  totally  deficient  in  lime. 

The  facts  exhibited  by  Merrill's  analyses  of  specific  rock  types 
and  the  residual  material  derived  from  them  can  be  more 
generally  shown  by  a  consideration  of  the  averaged  bulk 
analyses  of  representative  series  of  soils,  contrasted  with  the 
average  chemical  composition  of  the  rock  material  composing 
the  lithosphere.  Such  analyses  are  available  in  publications 
by  Clarke,t  Veitch,:]:  and  Mooers.§  Clarke  has  calculated  the 
average  composition  of  the  outer  ten-mile  shell  of  the  litho- 
sphere. Veitch  presents  a  comprehensive  series  of  bulk 
analyses  of  Maryland  soils,  comprising  residuals  from  many 
rock  types,  both  igneous  and  sedimentary,  and  of  greatly 
varying  geological  age.  The  samples  he  analyzed  were  from 
the  subsoil  immediately  below  the  top  soil ;  and  each  analysis 
represents  the  average  of  several  determinations  from  different 
localities.  Considering  the  wide  range  of  the  original  rock 
formations  represented,  the  averaged  values  of  the  analyses, 
and  the  nature  of  the  material  selected  for  analysis,  it  is  fair  to 
assume  that  an  average  of  these  averages  will,  m  an  indicative 
way,  express  the  mean  composition  of  the  soil  material  residual 
from  weathering  and  erosion  processes  in  a  temperate,  humid 
region.  Mooers'  results  may  be  considered  as  confirmative  of 
the  averaged  figures  from  Veitch.  They  are  less  representative 
than  the  Maryland  series,  especially  in  that  eight  of  the  ten 
soils  analyzed,  and  here  averaged,  were  derived  from  lime- 
stones and  dolomites.  Below  are  tabulated,  in  percentages, 
the  averaged  amounts  present  of  three  important  mineral 
plant  food  constituents,  as  obtained  from  these  investigations : 

♦MerriU,  G.  P.,  Rocks,  Rook  Weathering,  and  Soils,  Macmman  Co.,  1906. 

t  Clarke,  F.  W.,  Data  of  Geochemistry,  BuU.  330,  U.  S.  GeoL  Survey,  1908, 
p.  81. 

t  Veitch,  F.  P.,  The  Chemical  Composition  of  Maryland  Soils,  Ball.  70, 
The  M^.  Agri.  Ezpt.  Station,  1901. 

§Mooers,  C.  A.,  The  Soils  of  Tennessee,  Bull.  78,  Agri.  Ezpt.  Station  of 
the  University  of  Tenn.,  1906,  p.  74. 
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%VtO,  3(CaO  ^tO 
Average  composition  ten  mile  shell  of 

the  lithosphere 'SS         4-82         2*96 

Average  composition   of    representative 

residual  soils  of  Maryland -125         '60         1*73 

Average  composition   of    10   Tennessee 

soils -147         '244       1022 

It  will  be  noted  that  of  P,0,  and  K,0  only  about  one-half  the 
amount  was  present  as  compared  to  the  percentage  computed 
for  the  average  rock  of  the  lithosphere.  In  the  case  of  the 
CaO  the  difference  is  still  greater.  In  any  event,  the  differ- 
ences shown  are  sufficiently  great  to  indicate  that  residual  soils 
are  notably  deficient  in  such  plant  food  elements  as  compared 
to  the  parent  rock. 

Glacial  soils  may  be  regarded  as  composed  of  a  thorough 
mixture  of  mechanically  derived  material  from  many  rock 
types ;  especially  when  they  comprise  a  portion  of  the  drift 
sheet  resulting  from  continental  glaciation.  Such  soils, 
having  been  subject  to  solvent  denudation  only  since  their 
deposition  by  the  glacier,  should,  according  to  the  above  deduc- 
tions, under  favorable  conditions,  show  a  liigher  concentration 
of  the  mineral  plant  food  elements  than  do  residual  soils. 

In  the  state  of  Illinois  are  found  soils  from  several  glacial 
advances,  the  earliest  of  which  probably  antedates  the  youngest 
by  a  long  time  interval.  Hopkins  and  Pettit*  have  published 
partial  results  of  a  large  number  of  complete  analyses  of  soils 
from  this  state  and  have,  moreover,  correlated  their  soil  types 
with  the  various  glacial  advances,  and  with  the  topograpnic 
features  of  the  soil's  occurrence.  Tables  are  given  "  showing 
the  average  results  of  analyses  of  many  representative  samples 
of  each  soil  type."  These  data  afford  an  excellent  opportunity 
for  some  interesting  comparisons.  Soil  from  the  youngest 
glaciation,  the  Late  Wisconsin,  brown  stilt  loams  occurring  on 
undulating  prairie  lands  show  percentages  of  P^O.  and  K,0  at 
various  depths  as  given  below.  Calcium  is  unfortunately  not 
given. 

Illinois  Soils — Late  Wisconsin  Glaciation. 

Brown  Silt  Loams  on  UhdtUating  Prairie  Lands. 

Depth  jiP.O,  ^K,0 

0-7"  -162  2-71 

7-20"  '112  2.90 

20-40"  -100  3-21 

*  Hopkins,  C.  G.  and  Pettit,  J.  H.,  The  Fertility  in  Illinois  Soils,  Boll. 
128,  UniTersity  of  Illinois,  Agri.  Ezpt.  Station,  1908,  pp.  196-200-201. 
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It  will  be  noted  that  the  phosphorus  pereenta^  in   this 

Slacial  soil  is  of  verj  nearly  the  same  value  as  tuat  shown 
J  the  averaged  Maryland  residuals  ;  while  the  potassium 
ranges  about  the  figure  computed  for  the  average  rock  of  the 
lithosphere.  It  would  seem  from  this  that  the  phosphorus 
in  the  glacial  material  was  either  originally  present  in  lesser 
amounts  (the  rocks  from  which  the  Illinois  glacial  soils  are 
derived  were  largely  shales  and  sandstones),  or  else  the  phos- 
phorus was  leached  much  more  rapidly  than  the  potassium.  A 
comparison  of  the  Maryland  residual  soil  averages  and  those  of 
the  youngest  Illinoian  glaciation,  on  the  basis  that  the  former 
represents^average  rock  material  chemically  decomposed,  while 
the  latter  typifies  such  material  derived  mechanically,  fails  of 
exactness  in  that  some  of  the  Maryland  residuals  are  very  prob- 
ably derived  from  rock  crumbling  on  steep  slopes,  i.e.,  mechan- 
ical weathering  and  erosion,  without  complete  decomposition  ; 
and  in  that  the  glacial  soils  were  laid  down  unconsolidated, 
and  were,  therefore,  verv  permeable  from  the  first  to  water, 
and  susceptible  to  rapid[  leaching.  For  these  reasons  a  com- 
parison of  the  youngest  glacial  soil  in  Illinois  with  that  from 
the  oldest  glaciation  will  express  much  more  exactly  the  effect 
of  continued  leaching  on  soils,  for  in  this  case  the  original 
material  can  be  considered  identical.  In  all  probability  the 
direction  of  the  glacial  advance  in  the  several  glaciations  cited 
was  uniformly  from  the  Labrador  center  of  dispersion.  It  may 
be  assumed,  therefore,  that  the  glacially  transported  material  of 
the  several  glaciations  was  derived  from  essentially  the  same 
bed  rock.  It  has  been  found,  also,  that  in  the  peripheral 
deposits  of  the  continental  glaciations,  a  large  percentage  (S7 
per  cent  in  one  case)  of  the  whole  are  of  local  origin,  that  is, 
composed  of  material  derived  from  bed  rock  underlying  and 
near-adjacent  to  the  area  surveyed.*  Probably  the  nner  par- 
ticles of  sand  and  rock  flour  have  a  more  distant  source,  and 
therefore  represent  a  greater  commingling  of  material  from 
widely  different  rock  types.  As  to  original  constituents  these 
soils  should,  accordingly,  be  essentially  similar  both  in  the  deri- 
vation of  their  coarse  and  fine  particles.  The  figures  given 
below,  bulk  analyses  of  soils  from  undulating  prairie  lands, 
consisting  of  "  gray  silt  loam  on  tight  clay  "  deposited  by  the 
earliest  glaciation,  the  Lower  Illinoian,  may,  therefore,  with 
confidence  as  to  the  essential  similarity  of  original  constituents* 
be  compared  with  the  figures  given  above  tor  the  brown  silt 
loams  of  the  Late  Wisconsin  glaciation. 

*Alden  W.  C,  The  Delavan  Lobe  of  the  Lake  Michigan  Glacier  of  the 
WiBconsin  Stage  of  Glaciation  and  Associated  Phenomena.  Prof.  Paper  84 , 
U.  S.  Geological  Snrvey,  1904,  pp.  86-«7. 
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Illinois  Soils — Lower  Illinoian  Glaciation. 
Gray  SiU  Loams  on  Tight  Clay^  Undulating  Prairie  Lands, 


Depth 

JJP.O, 

%K^0 

0-7" 

•096 

1-49 

7-20" 

•086 

1-61 

20"-40" 

•091 

1-68 

An  appreciably  and  consistently  lower  percentage  of  these 
constituents  is  shown  by  these  averaged  analyses  to  exist  in  the 
older  than  in  the  younger  material,  and  at  all  depths.  This 
difference  in  the  percentage  of  the  mineral  plant  foods  present, 
and  in  the  physical  conditions,  i.  e.,  brown  and  gray  color,  can 
only  be  ascribed  to  changes  due  to  natural  processes,  operative 
since  the  glacial  age.  In  other  words,  as  a  result  of  the  devel> 
opment  of  drainage,  leaching  and  weathering  in  general,  under 
a  natural  vegetation  cover,  the  soils  of  the  earlier  glaciation  are 
notably  poorer  in  phosphorus  and  potassium. 

The  important  point  to  be  noted  here  is  that  the  concentra- 
tion of  the  soluble  plant-food  constituents  in  soils  seems  to  be 
a  characteristic  of  the  age  of  the  soil,  or  better,  of  the  stage  in 
an  erosion  cycle  in  which  the  soil  occurs.  Soil  of  the  youngest 
glaciation  has  higher  percentages  than  the  oldest,  while  the  per- 
centage average  for  the  Maryland  soils  lies  between  the  two, 
but  approaches  the  condition  indicated  for  the  oldest  glaciation. 
According  to  this,  glacial  soil,  young  and  old,  occurring  on  dis- 
sected uplands,  where  the  runoff  is  rapid,  and  leaching  cor- 
respondingly active,  should  show  a  much  closer  agreement  in 
plant-food  constituents  for  young  and  old  glaciations  than  is 
shown  by  glacial  soils  from  areas  of  prairie  topography.  Such 
an  assumption  finds  confirmation  in  the  ngures  given  by 
Hopkins  and  Pettit  (loc.  cit.)  for  the  yellow  silt  loam  type  of 
soil,  which  occurs  on  "sloping  hillsides  and  on  the  broken  lands 
adjoining  water  courses  in  all  parts  of  the  state"  :  thus  on  the 
divide  areas  of  the  main  glacial  deposits  of  various  ages,  as  well 
as  in  the  unglaciated  section.  An  exception  is  the  youngest, 
or  Late  Wisconsin  glacial  deposit,  where  ayellow-^raysilt  loam 
occurs  on  "undulating  timber  uplands." 

In  this  table  the  percentage  values  for  the  phosphorus  are 
strikingly  consistent;  such  discrepancies  as  are  shown  in  the 
case  of  this  element,  and  the  larger  variations  for  potassium, 
are  within  the  limits  of  error  introduced  by  the  number  and 
character  of  samples  from  the  individual  areas.  Glacialists, 
moreover,  are  not  agreed  as  to  the  verity  and  succession  of  all 
the  advances  here  differentiated. 
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Illinois  Soils— Hilly  Uplands^ Surface  Soil,  0-7'— 
Yellow  SiU  Loam. 

Soil  Area  or  Glaciation  %  PtOt  %  K,0 

Unglaoiated '109  1-894 

Lower  Illinoian -109  1-918 

Middle       "         -094  2-016 

Upper         "         -096  2*099 

Pre-Iowan -096  2-239 

lowan '104  2M65 

Early  Wisconsin -101  1-968 

YeUovo-gray  Silt  Loam —  Undulating  Upland. 
Late  Wisconsin -093  2*867 

On  the  other  hand,  positions  in  an  erosion  cycle,  held  by 
the  deposits  of  the  various  glaciations,  serve  glacialists  as 
criteria  for  distinguishing  between  the  glaciations.  The  exist- 
ence of  sluggish  and  obstructed  drainage,  a  topography  marked 
by  the  presence  of  many  small  lakes,  kettle  holes,  and  wide 
areas  of  swamp  lands,  are,  in  glacial  regions,  the  earmarks  of  a 
very  recent  advance.  In  localities  where  the  glaciation  is  so 
recent  the  drift  sheet  is  practically  continuous  over  the  area. 
The  drainage  has  not  yet  had  time  to  establish  itself.  It  is  a 
region  of  youth  in  the  development  of  an  erosion  cycle.  Lev- 
erett*  compares  the  erosion  and  weathering  of  areas,  with  sim- 
ilar original  topography,  in  the  Wisconsin  and  Illinoian  glacial 
deposits  as  follows  :  '^  In  the  Illinoian  glacial  drifts  of  western 
Illinois  approximately  one-half  the  surface  has  been  reduced 
below  the  original  level  as  a  result  of  post-IUinoian  glaciation, 
drainage  development  ;  while  in  the  Wisconsin  drift,  post- 
Wisconsin  drainage  has  scarcely  sufficed  to  reduce  one-tentn  its 
original  surface.  In  the  Illinoian  drift  calcareous  constituents, 
pebbles  as  well  as  fine  material,  are  nearly  completely  removed 
to  a  depth  of  four  to  six  feet  by  leaching,  while  weathering 
often  extends  to  two  or  three  times  these  depths.  In  the  Wis- 
consin drift  limestone  pebbles  are  present  at  the  top  of  the 
bowlder  clay,  and  leaching  of  fine  calcareous  material  seldom 
extends  to  more  than  a  meter.  The  weathering  is  very  slight 
as  compared  to  the  Illinoian  drift."  These  facts  indicate  a  real 
difference  in  the  composition  of  the  materials ;  one  that  should 
be  reflected  in  the  chemistry  of  their  soils. 

Indeed,  a  very  real  difference  exists  in  the  actual  produc- 
tivity of  the  soils  of  the  early  and  late  glaciations,  whether  or 
not  it  depends  on  the  percentages  of  the  mineral  plant  foods 

*Leverett,  F.,  Weathering  and  Erosion  as  Time  Sieasares,  this  Jonmal, 
xxvii,  pp.  356-7,  1909. 

Idem.,  Comparison  of  North  American  and  European  Glaoial  Deposits, 
Zeitsohr.  f.  Gletcherknnde,  iy,  p.  832,  1909-10. 


Digitized  by  LjOOQIC 


356     0.  D.  von  JEkgdn — /factors  influencing  Percentages  of 

present  in  them.  Habbard*  shows  this  very  strikingly  by  con- 
trasting the  agricnltural  conditions  in  the  north-and-south- 
ad jacent  Coles  and  Cnmberland  counties  of  Illinois ;  the  former 
of  which  lies  almost  wholly  in  the  Early  Wisconsin  glaciation, 
while  the  latter  has  a  Lower  Illinoian  glaciation  soil-cover  over 
the  greater  part  of  its  area.     In  Coles  County  tile  drainage  is 

f)ractised,  rich  swamp  lands  are  thus  reclaimed, — in  Cumber- 
and  such  drainage  is  useless ;  primarily  because  tributaries  to 
main  natural  drainage  streams  are  developed  in  so  much  greater 
numbere  as  to  '  make  the  map  of  Cumberland  County  appear 
darker.'  Land  values  in  Coles  County  at  the  time  the  article  was 
written  ranged  between  $75  and  $125  per  acre,  with  the  aver- 
age above  $75  ;  while  in  Cumberland  County  the  prices  were 
from  $15  to  $40,  with  the  average  near  $30.  The  value  of 
crops  per  acre  of  improved  land  was  from  $10  to  $15  for  Coles 
County,  and  from  $6  to  $10  for  Cumberland  County.  It  has 
been  stated  by  Chamberlinf  and  others  that  soil  particles  are 
at  once  wasted  and  mixed  by  wind  and  wash,  and  that  the 
mixing  is  so  complete,  even  in  humid  regions,  that  nearly  all 
soils  acquire  the  essential  plant  food  constituents.  If  such 
processes  were  effectively  operative  to  insure  the  presence  of 
suihcient  amounts  of  these  elements  for  the  largest  crop  pro- 
duction, then  the  adjacent  soils  of  the  early  and  late  glaciations 
in  Illinois  should  show  greater  similarities  in  crop  productivity 
and  chemical  composition.  According  to  the  data  here  pre- 
sented, one  may  as  reasonably  conclude  that  different  positions 
in  an  erosion  cycle  make  for  differences  in  the  percentages  of 
soluble  salts  present  in  a  soil,  and  for  differences  in  fertility,  as 
applied  to  farm  crops. 

It  was  originally  planned  to  base  such  comparisons  and  cor- 
relations as  are  cited  above  from  bulk  analyses,  on  the  far 
gi eater  number  of  published  ''acid  digestion"  analyses  of  soils. 
Especially  in  mind  was  a  comparison  of  the  averaged  HCl  sol- 
uble analyses  of  alluvial  soils,  i.  e.,  bottom  lands  subject  to 
overflow,  from  the  residual  regions ;  with  averaged  analyses 
of  similar  soils  from  the  glacial  regions  of  the  humid,  eastern 
portion  of  the  United  States.  By  choosing  alluvial  soils  the 
assumption  could  be  made  that  these  are  naturally  greatly 
commingled  samples,  representative  of  the  contributive  geolog- 
ical formations  of  the  various  drainage  basins ;  and  also  that 
the  average  of  even  a  small  number  of  such  analyses  would  be 
typical  of  wide  areas.  Unfortunately  analyses  are  not  available 
for  such  a  comparison.     The  references  given  by  Whitney^:  in 

•Hubbard,  Geo.  D.,  A  Case  of  Geographic  Influence  Upon  Human  Affairs, 
BuU.  Am.  Qeog.  Soc.,  vol.  xxxvi,  pp.  145-167.  1904. 

+  Chamberlin,  T.  C,  Soil  Productivity,  Science,  Feb.  10,  1911. 

X  Whitney,  Milton,  A  Study  of  Crop  Yields  and  Soil  Composition  in  Rela- 
tion to  Soil  Productivity,  BuU.  57,  1909 :  Bureau  of  Soils,  U.  S.  Dept.  of 
Agri.,  pp.  65-90. 
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his  compilation  of  published  HCl  analyses  of  soils  of  the  United 
States  were  consulted  in  the  sources  for  the  states  of  Alabama, 
Florida,  Kentucky,  Maryland,  West  Virginia,  Tennessee,  and 
North  Carolina  for  residual,  alluvial  soils;  and  for  Indiana, 
Maine,  Michigan,  Minnesota,  North  Dakota,  New  York,  New 
flamphire,  Ohio,  Rhode  Island,  and  Wisconsin  for  glacial, 
alluvial  soils,  with  the  result  that  while  for  certain  sections, 
e.  g.,  Tennessee,  a  representative  number  of  such  analyses  were 
found  available,  in  otlier  states  there  are  none,  or  the  analyses 
are  of  samples  individually  unrepresentative,  their  exact  origin 
and  manner  of  sampling  being  obscure,  and  their  total  number 
inconsiderable.  The  only  HCl  analyses  data  at  all  permissible 
of  comparison  on  this  basis  are  some  fourteen  alluvial  soil  anal- 
yses from  Tennessee,  and  an  average  of  some  72  surface  soils, 
not  all  alluvial,  from  Minnesota.  As  the  samples  from  the 
latter  state  are  from  the  different  parts  of  its  area,  it  may,  how- 
ever, be  assumed  that  their  average  represents  a  commingling 
comparable  with  that  in  the  Tennessee  alluvial  soils.  Analyses 
showing  extreme  percentages  were  omitted  in  both  cases. 

HCl  Analyses  jl^sO» 

*  Tennessee  Residual,  All  a  vial *108 

t  Minnesota  Glacial,  General '20 

The  reputed  worth  of  partial  HCl  digestion  analyses  is  in  the 
vaguely  probable  relation  their  figures  bear  to  the  amount  of 

*  available'  plant  food  in  the  soils  analyzed.  If  the  percentage 
of  acid  soluble,  mineral  plant  food  constituents  has  any  such 
relation  to  the  proportions  of  these  materials  available  to  crops, 
then  the  ratio  of  acid  soluble  substance  to  total  amount  present 
is  an  index  as  to  the  relative  fertility  of  the  lands,  provided  other 
fertility  factors  are  equal.  Data  are  available  in  the  bulletins 
cited  above  for  an  application  of  this  idea  to  the  Illinois  glacial 
soils  and  the  Maryland  residual  soils.  In  the  Illinois  glacial 
soils  the  total  content  and  the  acid  soluble  figures  for  the  ele- 
ment of  potassium  vary  so  widely  for  different  samples  from 
the  same  glaciation  that  the  ratio  of  their  averages  would  have 
little  or  no  significance.  The  acid  soluble  percentage  of  the 
element  phosphorus,  however,  shows  a  much  greater  constancy 
for  different  samples  from  the  same  glaciation.  A  comparison 
of  averages  shows  the  following :  The  acid  soluble  portion  of 
the  phosphorus  content  of  the  gray  silt  loam  subsoil,  20-40'' 
deep,  on  undulating  prairie  lands,  of  the  oldest  or  Lower  Illi- 
noian  glaciation  comprises  81*2  per  cent  of  the  total  amount 

*Moo6rB,  Charles  A.,  The  Soils  of  Tennessee.  Bull.  78,  Agri.  Ezpt.  Station 
of  the  University  of  TenD.,  1906,  pp.  74  and  83. 

f  Snjder,  H.,  Soil  Investigations,  Bull.  65,  University  of  Minnesota  Agri. 
Expt.  Station,  1899,  p.  69. 


jrCaO 

JOCO 

•876 

•376 

1-29 

•43 
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present,  an  average  from  15  samples.  An  average  of  nine 
samples  of  brown  silt  loam  subsoil  of  similar  depth  and  location, 
but  from  the  youngest,  or  Late  Wisconsin  glaciation,  shows 
87"6  per  cent  of  the  phosphorus  content  to  be  acid  soluble. 
The  difference  in  solubility  of  the  phosphorus  in  these  subsoils 
is  therefore  6'4  per  cent.  In  the  surface  portions,  0-7'^,  of 
these  same  soils  a  more  marked  difference  is  apparent.  Of  the 
Lower  Illinoian  surface  soil  80  per  cent,  of  the  phosphorus  is 
acid  soluble,  in  the  Late  Wisconsin  897  per  cent,  a  difference 
of  almost  10  per  cent.  This  greater  difference  in  solubility  is 
probably  influenced  by  the  fact  that  the  Late  Wisconsin  soil 
nas  its  higher,  total  phosphorus  content  in  the  surface  layer; 
the  concentration  of  this  constituent  being  much  more  nearly 
of  the  same  magnitude  in  the  subsoils  of  the  two  glaciations. 
The  average  acid  solubility  of  the  total  phosphorus  in  the 
widely  different  soils  of  Maryland  is  56*5  per  cent ;  and  only 
three  soil  series  (?)  of  the  sixteen  given  show  a  percentage  solu- 
bility of  over  80  per  cent.  This  is  in  marked  contrast  to  the 
comparative  uniformity  shown  by  the  extreme  types  of  the 
glacial  soils. 

If  these  tentative  comparisons  and  conclusions  serve  to  point 
out  the  paucity  of  reliable  data  on  the  chemical  composition  of 
soils  in  the  United  States  and  the  need  of  further  systematic 
investigation  along  such  lines,  before  broad  generalizations  are 
made  regarding  the  effects  of  varying  amounts  of  mineral 
plant  foods  on  soil  fertility,  their  purpose  has  been,  in  the 
main,  achieved.  They  further  indicate  a  relationship  between 
chemical  composition  and  the  geologic-physiographic  conditions 
of  soil  origin  and  state.  On  this  basis  soil  classification  should 
follow  physiographic  principles,  and  soil  sampling  should  be 
done  in  the  field  by  investigators  trained  in  geology  and  physi- 
ography. The  names  of  soil  series  might  well  correlate  with 
recognized  physiographic  and  geologic  formations  in  the  United 
States.  A  large  scale  map  of  the  United  States  and  Southern 
Canada  showing  the  areal  distribution  of  acidic  and  basic  igne- 
ous rocks,  sandstones,  shales,  and  limestones,  irrespective  of 
position  in  the  geologic  time  scale,  would  give  a  basis  for  the 
correlation  of  soil  surveys  having  regard  for  such  a  classifi- 
cation. On  the  same  map,  or  on  different  ones,  should  be 
shown  the  areas  of  glaciation,  generalized  drainage  features 
(topography),  and  the  climatic  regions  of  the  United  States,  to 
serve  as  a  further  basis  for  such  classification.  There  is  no 
attempt  to  argue  here  that  soil  fertility  will  closely  correlate 
with  provinces  so  marked  out.  Soil  texture,  bacteriological 
considerations,  etc.,  may  be  the  fertility  determining  factors, 
without  rendering  invalid  the  rationality  of  such  a  classification 
of  soils. 
ComeU  University,  Jane,  1911. 
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Art.  XXXIX. — The  Aluniie-JBeudantite   Group/    by 
Waldemar  T.  Schaller. 

Introduction. 

The  analysis  of  the  new  mineral  hinsdalite,  described  in  an 
earlier  paper  (this  Journal,  October,  1911),  led  me  to  review 
carefully  tlie  various  minerals  forming  the  alunite-beudantite 
group.  This  review  has  brought  out  several  points  in  regard 
to  the  relationships  of  some  of  these  minerals,  about  which  it  is 
very  desirable  to  obtain  more  definite  and  accurate  information. 
Some  of  the  suggestions  offered  in  this  paper  must  remain 
unsettled  until  such  new  work  can  be  performed.  Prior*  has 
brought  together  the  various  minerals  belonging  to  this  group 
and  clearly  shown  their  similarity  in  composition  and  iu  crystal 
form.  Before  this  comparison  is  again  repeated  here,  some 
short  discussion  bearing  on  members  or  possible  members  of 
this  group  will  be  given. 

The  probable  identity  of  hamlinite  with  goyazite, 

Goyazite  was  described  by  Damonrf  in  1884  as  a  hydrous 
phosphate  of  alumina  and  lime,  the  rather  improbable  formula 
being  given  as  3Ca0.5Al,0,.P,0..9H,0.  HussakJ  has  recently 
tested  the  original  specimen  of  Damour  and  found  that  stron- 
tium was  present  in  greater  amount  than  lime,  so  that  goyazite 
is,  in  reality,  a  hydrous  phosphate  of  alumina  and  strontia. 
Hartley,  in  analyzing  plumbogumniite,§  has  suggested  that  the 
accuracy  of  Damouft  separation  of  P^O^  from  A1,0,  was  open 
to  serious  question,  due  to  the  method  used.  If  we  assume 
that  a  similar  inaccuracy  is  true  for  his  analysis  of  goyazite, 
then  an  interesting  conclusion  becomes  at  once  evident,  namely, 
that  the  mineral  described  and  analyzed  by  Pentield  and  named 
hamlinite  is  identical  with  goyazite.  The  probable  identity  of 
goyazite  and  hamlinite  can  be  best  shown  by  a  comparison  of 
their  properties. 

The  hamlinite  from  Maine  contains  a  little  barium  and  fluor- 
ine, but  their  amount,  in  comparison  to  that  of  strontium  and 
water  (hydroxyl)  respectively,  is  small  and  moreover  the 
absence  of  barium  and  fluorine  in  goyazite  has  not  been 
established. 

*  Prior,  G.  T.,  Note  on  a  cooDection  between  the  molecular  volnme  and 
chemical  composition  of  some  crystallographicallj  similar  minerals.  Min- 
eral. Mag.,  vol.  xiii.  p.  217,  1903. 

fBuU.  soc.  min.  franc,  vol.  vii,  p.  214,  1884. 

X  Hussak,  E  ,  Uber  die  sogenannten  ''  Phosphat-Favas  "  der  diamantfflhr- 
enden  Sande  Brasiliens.     Min.  petrog.  Mitt.,  vol.  xxv,  p.  335,  1906. 

g  Hai-tley,  E.  G.  J. ,  On  the  constitntion  of  the  natural  arsenates  and 
phosphates.     Mineral.  Mag.,  vol.  xii,  pp.  228,  225,  1900. 
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Gk>jazite  Hamlinite 

YellowiBh,  white  Colorless,  yellowish 

semi-transparent  transparent 

uniaxial,  positive  uniaxial,  positive 

tetragonal  or  hexagonal  hexagonal  (rhombohedral) 

cleavage,  basal  cleavage,  basal 

H  =  6  H  =  4-6 

G  =  8-26  G  =  3-228,  3-169-3-283 
per  cent  Al  0,+  P,0,  =  65-63     per  cent  Al,0,+  P,0,  =  62-87 

fuses  with  difficulty  fuses  about  4 

Utahite  and  related  minerals. 

On  the  basis  of  our  present  knowledge,  utahite,  cyprnsite, 
raimondite,  pastreite,  carphosiderite,  and  apatelite  form  a  group 
of  minerals  which  are  very  closely  related.  They  are  all 
hydrous  sulphates  of  ferric  iron  with  very  similar  quantitative 
composition  and  all  occur  in  hexagonal  or  rhombohedral  scales. 
The  only  one  of  these  minerals  which  has  been  found  in 
measurable  crystals  is  utahite,  for  which  two  values  for  the  o 
axis  have  been  given,  namely  1-1389  and  1-0576.  If  one 
remembers  that  the  quality  of  the  material  analyzed  was  of 
doubtful  purity  in  many  cases  and  that  perhaps  the  analytical 
methods  used  were  not  always  of  the  best  q^uality,  the  differ- 
ences in  the  analytical  iignres  become  of  mmor  weight,  and 
one  seems  almost  justified  in  regarding  them  as  all  identical. 
They  may  be  placed  chemically  into  three  divisions,  the  for- 
mulas of  each  of  these  being  as  follows  : 

I.     Utahite  3Fe,0,.3SO,.6H,0 

jy  (  Carphosiderite  3Fe,O,.4SO,.10H,O 

^^-  (  Apatelite  3(Fe,Al),0,.3SO,.9H,0 

i  Raimondite  2Fe,0,.3SO  .7H,0 

III.  \  Pastreite  like  raimondite 

(  Cyprusite  4(Fe,Al),0,.6SO,.7H,0 

These  different  formulas  are  all  very  close  and,  taking  into 
consideration  that  as  far  as  the  published  descriptions  go,  the 
crystalline  form  is  the  same,  it  seems  reasonable  to  regard  them 
all  as  identical.  It  may  be  noticed  that  the  above  formulas  are 
all  close  to 

3Fe,0,.4S0..7H,0 

though  to  none  of  them  has  this  formula  been  ascribed.  This 
formula  corresponds  to  that  of  a  jarosite  in  which  the  K,0  is 
replaced  by  H,0. 

Jarosite  =  K,0.3Fe,0,.4SO,.6H,0 

New  formula  =  U,0.3Fe,0,.4SO,.6lI,0 
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The  formula  of  carphosiderite  and  apatelite^  may  be  expressed 
in  similar  form,  the  only  difference  being  the  slightly  higher 
water : 

Carphosiderite  =  H,0.8Fe,0,.4SO,.6H,0  +  3H,0 

I  would  therefore  propose  that,  until  proven  to  be  otherwise 
by  careful  work,  carphosiderite,  apatelite,  raimondite,  pastre- 
ite,  cyprusite,  and  utahite  be  regarded  as  the  same  mineral 
with  the  formula  H,0.3Fe,0,.4SO,.6H,0,  to  which  the  name 
carphosiderite  be  applied  by  right  of  priority. 

The  compilation  of  analyses  of  these  minerals,  given  in  the 
table  below,  shows  their  close  chemical  relationship  and  also 
their  general  agreement  with  the  formula 

H,0.3Fe,0,.4SO,.6H,0. 

Analyses  of  Carphosiderite. 


Calcu- 
lated 

utahite 

Cyprus- 
ite 

Pastreite 

Raimon- 
dite 

Car] 
side 

[)ho- 
•rite 
-    2 

Apate- 
lite 

1 

2** 

1 

2 

1 

H,0... 

185 

9-85 

[12-41] 

11-06 

1604 

13-95 

17-40 

18-80   18-48 

19-2 

SO. ... 

347 

28-45 

26-83 

36  34 

30-47  :  30-55 

36  08 

3182   3018 

29-7 

Fe,0,  - 

51-8 

58-82 

58-51 

49-68 

46-50 

52-80 

46-52 

49-88 

48-52 

40-0 

AUO,  . 

-^- 

.-- 

-.- 

3-89 

--- 

--- 

--- 

... 

110 

X 

819* 

219 « 

... 

6-40 «» 

2-68« 

... 

... 

2-72' 

... 

1000 

99-81 

100-00 

9997 

9941 

99-98 

10000 

10000 

99-90 

999 

Density 

1-7-1-8! 

j 

319-3-22 

2-49 

2-78 

8-2 

a  AssOft. 

b  Arzmni  and  Thaddeeff.    Zeitschr.  Kryst.,  vol.  xxxi,  p.  244. 

c  Insoluble. 

d  SiO,,  2-40  ;  A83O5.  186 ;  PbO,  1*25  ;  (A1,0„  MnO,  CaO),  0-89. 

e  A8,0»,  205  ;  (Al,0«,  CaO,  sand),  063. 

f  PaO.. 

Miscellaneous  Notes, 

Though  the  members  of  the  group  are  uniaxial  rhombo- 
hedral,  optical  anomalies  indicating  biaxiality  have  been  noted 
for  s^everal  of  the  species :  for  a  sulphate  (jarosite),  a  phos- 
phate (hamlinite)  and  a  compound  sulphate-sulphate  (hinsdal- 
ite).  Jarosite  has  been  described  as  snowing  optical  anomaly 
*  Apatelite  is  only  an  aluminous  carphosiderite. 

Am.  Joub.  Sci. -Fourth  Series,  Vol.  XXXII,  No.  191. -November,  1911. 
27 
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by  Slavik,*  who  described  jarosite  from  Schlaggenwald  which, 
in  basal  section,  showed  a  division  into  six  parts,  each  part 
being  biaxial,  with  the  trace  of  the  axial  plane  normal  to  the 
prism  edge.  The  negative,  biaxial  interference  figure  varied 
m  size  in  different  crystals,  np  to  32°.  Some  basal  plates  were 
pleochroic  and  decidedly  doubly  refracting. 

Hamlinitef  from  Switzerland,  at  first  thought  to  be  a  new 
species  and  called  bowmanite,  showsj:  optical  anomalies.  The 
larger  crystals  show  a  division  into  six  sections,  each  showing 
a  positive,  biaxial  figure,  2E  varying  from  0°  to  50°.  Hinsdal- 
ite  likewise  shows  a  pseudohexagonal  character,§  the  crystals 
being  built  up  of  six  sectors,  each  normal  to  an  acute  bisectrix, 
2E  varying  tro.n  0°  to  40°.  These  optical  anomalies  are  very 
suggestive  of  dimorphism  in  the  series. 

The  isomorphous  relation  of  sulphate  and  phosphate  is  still 
further  confirmed  by  the  presence  of  2*72  per  cent  P,0.  in  an 
analysis  of  carphosiderite  from  France  and  also  by  the  pres- 
ence of  nearly  one  per  cent  P,Oj  in  a  sample  of  alunite  from 
Utah,  tested  by  the  writer. 

The  formula  of  beudantite  and  corkite  have  been  taken  as 
suggested  by  Lacroix,|  namely  the  arsenate  called  beudantite 
and  the  phosphate  corkite.  The  composition  of  miriquidite, 
munkforssite,  and  munkrudite  are  too  little  known  to  definitely 
include  them  in  this  group,  although  their  qualitative  compo- 
sition is  such  as  to  suggest  their  belonging  here. 

Pharmacosiderite  has  been  shown!  to  contain  considerable 
potash  and  Hartley's  formula  2FeAsO,.Fe[0(H,K)],.5H,0  can 
be  written  analogous  to  that  of  hamlinite,  as  2(H,K),0.3Fe,0,.- 
2As,0..7H,0+4H,0,  in  which  the  4E[,0  does  not  really  belong 
to  the  mineral.  Though  pharmacosiderite  is  considered  isomet- 
ric, the  form  is  very  close  to  the  rhombohedral  crystals  of  this 
group  and  it  would  be  highly  desirable  to  test  tl)e  mineral 
optically  to  see  if  it  could  be  referred  to  a  uniaxial  mineral,  as 
it  commonly  shows  weak  double  refraction. 

The  composition  of  plumbogummite  still  needs  careful  study 
and  it  is  entirely  possible  that  more  than  one  species  is  included 
under  that  name.  The  analyses  of  Hartley  have  established 
the  presence  in  quantity  of  CO,  in  some  varieties,  while  the 
analyses  of  Brazilian  plumbogummite,  given  by  Hussak,  are 

*  Slavik,  Franz,  Mineralogische  Notizen.  Zeitschr.  Kryst.,  vol.  zzxiz,  p. 
297,  1904. 

f  The  name  hamlinite  is  retained  until  its  identity  with  or  distinction  from 
goyazite  is  definitely  determined. 

t  Bowman,  H.  L.,  On  hamlinite  from  Binnenthal,  Switzerland.  Mineral. 
Mag.,  vol.  xiv,  p.  389,  1907.  • 

g  See  paper  on  Hinsdalite,  this  Jonmal,  page  251,  Oct.,  1911. 

JLacroiz,  A.,  Mineralogie  de  la  France,  vol.  iv,  p.  692,  1910. 

1[  Hartley,  £.  G.  J.,  On  the  constitution  of  the  natural  arsenates  and 
phosphates.    Mineral.  Mag.,  vol.  xii,  page  152,  1899. 
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free  from  CO,,  although  these  latter  contain  more  water  than 
is  usual.  Perhaps  the  iine  grinding  of  the  samples  has  a  very 
marked  effect  on  the  water  content  of  these  minerals,  as 
Hartley  has  suggested  for  pharmacosiderite. 

The  mineral  liarttite  is  an  isomorphous  mixture  of  about  two 
parts  of  hamlinite  and  one  part  of  a  strontium  alunite.  More 
accurately  the  ratio  is  1*97  to  1  instead  of  exactly  2  to  1.  Its 
formula  may  therefore  be  written  2[2Sr0.3Al,0,.2P,0,.7H,0] 
+  l[Sr0.3Al,0,.4SO,.6H,0],  which  can  be  simplitied  to 
5SrO.9Al,O,.4P,O,.4SO,.20H,O.  This  is  very  close  to  the 
formula  deduced  by  Uussak,  whose  formula,  quadrupled,  gives: 
4SrO.8Al,O,.4P,O..4SO,.20H,O.  In  fact,  the  ratios  deduced 
by  Hussak  from  the  analysis  of  harttite  are  in  better  agree- 
ment with  the  formula  here  proposed  than  his  own. 

Ratios  of  Harttite, 


SrO 

AI  0 

Ratios  0^ 

1664 

. , . .        3365 

i  analysis 
4-57 
9-22 
4-20 
4-06 
19-60 

Required  by 
Hnssak's 
formula 

4-00 
8-00 
4-00 
4  00 
20-00 

Required 

Schalle: 

formul 

5-00 
9-00 

PO, 

1628 

4-00 

s6.: 

H.0 

....        1475 
1733 

4-00 
20-00 

The  Minerah  of  the  group. 

The  minerals  forming  the  alunite-beudantite  group  may  be 
divided  into  three  smaller  groups, — the  sulphates,  the  phos- 
phates, and  the  sulphate-phosphates.  Taking  alunite  as  the 
type  of  the  sulphates,  hamlinite  of  the  phosphates,  and  corkite 
as  that  of  the  sulphate-phosphates,  we  have : 

Alunite K,0.  3A1,0,.       4S0..  6H,0. 

Hamlinite 2SrO.         3  A1,0,.         2PA.         7H,0. 

Corkite ^ . .       2PbO.        3Fe,0,.        2SO..  P,0,.  6H,0. 

The  analogous  composition  is  not  clearly  seen  in  the  three 
formulas  just  given,  but  it  is  possible,  by  rewriting  them  in 
a  slightly  different  form,  to  show  very  clearly  the  analogy 
between  them  : 

Alunite K.O.     3A1,0,.     6H,0.     2S0,.         2S0,. 

Hamlinite SrO.     3ALO3.     6H,0.     2HP0,.     Sr(PO,),. 

Corkite PbO.    3Fe,0,.     6H.0.    ,2S0,.        Pb(PO,),. 

By  assuming  the  isomorphous  replacement  of  SO,  byHPO,, 
the  relationship  becomes  very  clear.  The  formulas  can,  how- 
ever, be  better  written  by  regarding  =  [SO J  and  =  [HPO J  as 
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the  isomorphons  groups  which  are  replaceable.    The  formulas 
for  these  minerals  then  become  : 


Alunite [A1(0H)J.. 

H^?!ini^e lAUOH)^, 


Sr. 
Pb. 


so  J.. 


Corkite [Pe(OH), 

The  general  formula  is  written : 

[R"'(OH).]..R".[MJ..[M,]. 

where  R'"  =  Al,  Fe'". 

R"  =  K„  Na„  H.,  Pb,  Sr,  Ba. 

M   =  SO.,  HPO„  HAsO.,  Pb^PO,,  Sr^PO,. 

The  entire  gronp  then  consists  of  the  following  minerals : 
Sulphates.— Ty^e  formula  [R"'(OH),],.R',  or  R".  [SO J.. [SO,],. 

Alunite rAI(OH),] 

Natroalunite |Al(OH),' 

Jarosite [Fe(OH), 

Natrojarosite rFe(OH),  ,. 

Plnmbojarosite TFe(OII),l^ 

Carphosiderite |Fe(OH),J 


.so< 

SO, 

so, 

SO, 

rso, 
so. 


PAo«pAate«.— Type  formula  [R"'(OH).]..R".[R'PO,J,.[R"(PO.)  J. 


rAl(OH), 
Al(OH).l 

Gorceixite rAl(OH), 

Florencite [Al(OH),; 


Hamlinite 

Plumboiarosite . . . 


Sr. 
Pb. 
Ba. 
Ce 


f 


HPO 
HPO' 
HPOy, 
CeiPO 


..     rSr(PO,  ,  . 

..     [Ba(PO,).'i. 
,],[Ce,(PO,).l 


Sulphate- Phosphates.— Ty^e  formula  [R"'(OH),],.  R".  [SO.],. 
[R"(PO.).]. 

Pb.  [SO, 
Pb.      SO, 

Sr.  [S0,j:, 

Pb.  SO,^ 

Sr.  "SO, 

Sr.  tHPO'.],. 

Note.— Pastreite  has  been  determined  as  jarosite  (BaU.  soc.  franc.  Min« 
eral.,  vol.  xxxiii,  1910,  p.  130),  the  earlier  analysis  being  wrong. 


Beudantite  . 

Corkite 

Svanbergite 
Hinsdalite . . 

Harttite  — 


.Fe(OH).l. 

j:Fe(OH),t. 

^Al(OH),l.. 

Al(OH),j 

2{[il(0ft);].. 


[Pb(A80,),]. 
PMPO,).]. 

[Sr(PO.),]}. 
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Aet.  XL. — The  Electrolysis  of  Sodium  Chloride  with  the 
Mercury  Cathode  ;  by  Charles  A.  Pbtbbs. 

[Contribations  from  the  Kent  Chemical  Laborfitory  of  YaleUniv.— coxzvi.] 
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Conditions  of  analysis 888 
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Summary 385 

WoLooTT  GiBBs*  was  the  first  to  suggest  the  use  of  mercury 
as  a  cathode  in  analysis-  The  extension  and  development  of 
this  idea  has  been  carried  on  by  Vortmann,t  Speketer,:|:  and 
others,§  notably  by  E.  F.  Smith  ||  and  his  co-workers. 

The  present  paper  is  concerned  with  the  study  of  the  elec- 
trolysis of  sodium  chloride  using  a  silver  or  silver  plated  anode 
to  hold  the  chlorine  and  a  mercury  cathode  to  fix  the  sodium. 
In  general,  to  sum  up  the  work  briefly,  it  may  be  said,  that, 
within  the  writer's  experience,  silver  is  invariably  carried 
from  the  anode  to  cathode,  though  under  certain  conditions 
the  amount  is  analytically  negligible ;  that  the  fixation  of  con- 
ditions necessary  for  accurate  analysis  is  dependent  upon 
many  factors,  such  as  amount  of  salt  electrolyzed,  time  of 
electrolysis,  etc. ;  and  further,  that  the  ammeter  does  not 
show  by  any  sudden  drop  the  correct  end-point  of  the  process. 

*  Paper  read  before  National  Academy  of  Sciences,  1888. 

+  Monatshefte  f .  Chemie,  xv,  280,  1894 ;  xvi,  674,  1895. 

iZeitschr.  f.  Electrochem. ,  iv,  589. 

gSee  references  in  Gooch  and  Read,  this  Journal,  zzviii,  544,  1909. 

I  Electro- Analysis,  1907. 
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APPABATirS. 

Cell. — The  cell  used  was  the  one  described  by  Hildebrand* 
consisting  of  a  bottomless  beaker  6*8^  in  diameter  and  6*3*™ 
tall  set  into  a  crystallizing  dish  11 '3*^"  in  diameter  and  5*7*" 
high.  Midway  between  the  cells,  above  the  mercury,  was  a 
coil  of  6  turns  of  nickel  wire  1™"  in  diameter.  At  three 
places  on  the  nickel  wire  a  single  wire  ran  down  forming  legs, 
in  the  feet  of  which  rested  the  ends  of  a  T.  This  Y,  made  of 
glass  rod  3""  in  diameter,  formed  the  support  for  the  inner 
cell  and  also  held  the  nickel  wire  in  position  when  the  whole 
apparatus  was  inverted  in  emptying.  Three  rubber  stoppers 
placed  radially  held  the  inner  cell  in  position.  The  apparatus 
IS  pictured  by  Hildebrandf  and  also  in  Smith's  Electro- 
Analysis.  Less  than  2  kg.  of  mercury  sealed  the  two  compart- 
ments. The  contact  with  the  cathode  was  made  through  an 
S-shaped  tube  filled  with  mercury  which  hung  on  its  side  on 
the  edge  of  the  outer  cell.  The  S-shaped  tube  had  a  platinum 
wire  sealed  in  one  end  dipping  under  tne  cathode  mercury. 

Plated  Anode, — The  anode  was  the  platinum  one  previously 
used  in  this  laboratory,J  consisting  of  two  circular  discs  of 
platinum  gauze,  300  meshes  to  the  sq.  cm.,  attached  1^  apart 
to  the  end  of  a  heavy  platinum  wire.  The  weight  was  about 
16*5  grms.  When  plated  the  weight  was  increased  to  21  or 
22  grms.  A  loop  of  platinum  wire  was  easily  welded  on  the 
stem  (best  extending  above  the  top)  by  means  of  which  the 
anode  was  suspended  in  the  balance  or  in  the  heating  apparatus. 

Silver  ^n{>fl^^. —Described  later  when  used,  p.  382. 

Electrical  Apparatus. — The  rotating  apparatus  was  one 
with  which  this  laboratory  is  equipped,  and  operated  by  the  110 
volt  direct  current  circuit.  Tlie  ammeter  was  of  American 
Instrument  Company's  make  graduated  to  '01  of  an  ampere. 
Storage  batteries  furnished  the  energy  for  electrolysis. 

Air  Bath, — Some  of  the  time  the  anode  was  dried  in  an 
air  bath.  This  consisted  of  two  sheet  iron  cylinders  each 
about  20  inches  high  set  one  inside  the  other,  the  inner  one 
about  4  inches  in  diameter  and  single ;  the  outer  one  about  7 
inches,  double,  and  tilled  with  asbestos.  The  lower  end  of 
the  inner  cylinder  was  fitted  with  two  iron  covers  packed  with 
asbestos  to  prevent  the  entrance  of  the  gases  from  the  Bunsen 
burner.  A  tinned  copper  or  iron  cover  placed  over  the  inner 
cylinder,  through  which  passed  a  nickel  wire  holding  the 
anode,  and  a  nasbestos  cover  over  all,  greatly  increased  the 
heat.  A  thermometer  through  both  covers  gave  the  tempera- 
ture, which  could  be  regulated  approximately  anywhere  up  to 
600°. 

♦Jour.  Amer.  Chem.  Soc,  xxix,  451. 

fL.  c. 

;Gooch  and  Read,  this  Joarnal^  xzyiii,  544,  1009. 
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The  use  of  this  apparatus,  however,  was  of  short  duration, . 
as  in  one  experiment  aftec  the  silver  chloride  coated  anode  had 
been  heated  11  hours,  in  intervals,  at  temperatures  ranging 
from  300**-565°,  the  weight  changed  suddenl^y,  showing  a  com- 
plete reduction  of  the  silver  chloride  to  silver.  The  inner 
chamber  was  considered  permeable  to  the  gases  of  the  flame 
and  the  bath  thereafter  discarded. 

Heating  Oruoihle. — A  simple  but  yet  very  satisfactory  device 
for  heating  the  anode  was  made  by  setting  a  porcelain  crucible, 
gem  ^i(jg  fj^ud  4.3  deep,  into  a  heavy  piece  of  asbestos  6"°*  thick 
and  about  30*^"*  square  so  that  only  S"""  of  the  crucible  pro- 
jected above  the  asbestos  board.  A  loose  cover  of  mica,  with 
a  slit  to  the  middle — the  width  of  the  stem  of  the  anode — and 
a  second  piece  of  mica  to  cover  the  slit,  allowed  the  anode  to 
be  easily  introduced  and  adjusted  to  any  height.  The  anode 
hung  from  a  nickel  hook.  When  hydrogen,  or  a  thermom- 
eter, was  introduced  into  the  crucible,  holes  were  cut  in  the 
mica  cover.  In  the  early  work  an  iron  cover  with  two  or  three 
holes  of  appropriate  size  was  used. 

The  temperature  of  the  crucible  was  determined  by  use  of  a 
nitrogen  thermometer.  When  this  was  placed  2*5°"  from  the 
bottom  of  the  crucible  and  the  gas  slightly  lowered  it  registered 
390°  (corrected).  With  the  full  heat  of  the  Bunsen  burner  the 
temperature  was  530°  (corrected).  When  the  thermometer 
was  lowered  to  1*3^  of  the  bottom  of  the  crucible  the  temper- 
ature, at  full  heat  of  the  burner,  was  beyond  the  reach  of  the 
thermometer  and  was  considered  to  be  something  over  600°. 
The  temperatures  were  constant  and  could  easily  be  duplicated 
by  use  of  the  same  burner.  It  was  much  hotter  near  tne  sides 
and  bottom  of  the  crucible,  as  shown  by  the  fact  that  the  anode 
could  be  placed  so  that  silver  chloride  on  the  lower  gauze  disc 
would  melt  while  that  on  the  upper  disc  would  not  melt.  This, 
however,  was  no  serious  objection  to  the  use  of  the  crucible. 

Electric  Furnace. — A  more  satisfactory  apparatus  for  heat- 
ing the  anode  was  made  somewhat  similar  to  that  described 
by  Goldbaum,*  as  follows:  Six  brass  rods  wound  with  asbestos 
cord  soaked  in  water  glass  were  set  with  screws  into  a  15*^°* 
square  top  and  bottom  of  transite  asbestos  wood  6"""  thick.  The 
diameter  of  the  circle  of  brass  rods  was  about  10*^".  Water 
glass  wet  asbestos  cord  was  wound  around  the  insulated  brass 
rods  in  screw-like  fashion  dbout  40  times,  leaving  7  or  8™"* 
between  the  threads.  Two  strands  of  S"'*"'  nicroine  ribbon 
were  next  wound  flat  into  the  space  between  the  dried  threads 
with  another  water  glass  wet  asbestos  cords  between  the 
nicrome  ribbons,  thus  completely  insulating  each  ribbon. 
*  Jonr.  Amer.  Chem.  Soc'.,  xzxiii,  87. 
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At  one  end  the  wires  were  joined  and  went  throngb  a 
porcelain  tube  to  a  binding  post  Ip)  on  top.  At  the  other  end 
each  wire  went  separately  to  posts  {a\  and  (6)  on  top.  This 
furnished  three  heats  with  the  110  volt  direct  current.  Con- 
nection a  to  6  gave  a  temperatnre  of  285*^,  a  to  o,  or  5  to  ^,  400®, 
and  a  and  ft,  together,  to  c  580°.  The  insulation  on  the  sides 
was  bright  metal,  aluminnm  or  tin,  in  three  layers  each  packed 
loosely  with  powdered  magnesia  or  loose  asbestos  between  and 
the  whole  surrounded  by  wood.  The  top  and  bottom  was 
composed  of  three  layers  of  the  asbestos-soapstone  board  packed 
with  less  than  a  centimeter  of  magnesia  between  each.  A 
sliding  door  on  the  bottom  allowed  a  draft  when  desired.  The 
same  mica  cover  that  was  described  under  the  Heating  Cruci- 
ble closed  the  top. 

Mercury  Still. — The  apparatus  described  by  Hulett  and 
Minchin*  was  used. 

Thermometers, — ^Nitrogen  thermometers  were  used  to  deter- 
mine tempemtures  over  350*^.  In  determining  the  temperature 
of  the  electric  furnace  two  thermometers — one  certified — ^gave 
the  same  results. 

Chsmicals. 

Sodium  Chloride, — The  salt  was  the  pure  article  of  German 
origin  further  pariiied  by  one  precipitation  with  hydrochloric 
gas.  It  was  fused  in  platinum  and  bottled.  Two  liters  of 
solution,  made  up  at  once  after  the  fusion,  contained  11-6920 
grms.  of  salt. 

Hydrochloric  Acid, — The  pure  acid  was  diluted  and  stand- 
ardized. Two  100*™"  portions  precipitated  at  considerable 
dilution  gave,  including  the  residue  after  evaporation  of  the 
filtrates  mostly  in  platinum,  1*4768  and  1*4770  grms.  of  fused 
silver  chloride  respectively. 

Mercu7*y, — The  ordinary  redistilled  mercury  of  commerce 
was  used.  After  use  in  some  preliminary  experiments  and 
before  using  in  the  experiments  quoted  it  was  subjected  to 
triple  distillation.  Xo  residue  was  found  after  the  first  distil- 
lation. 

Pboceduhe. 

Plating  Anode. — The  platinum  gauze  anode  was  plated  from 
an  ammoniacal  solution  of  silver  nitrate  to  which  ammonium 
oxalate  had  been  added.f    To  insure  an  even  deposit  of  silver 

•Physical  Beview,  xxi,  395,  1905. 

fit  was  fonnd  convenient  to  add  cxystaUine  ammoninm  oxalate  after 
solution  of  the  silver  nitrate  by  ammonia  had  been  effected.  The  oxalate 
dissolved  as  the  anode  was  rotated  during  the  plating. 
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the  position  of  the  platinam  cathode  was  changed  twice  daring 
the  plating.  First  the  prong  of  a  right  angle  bent  piece  was 
inserted  between  the  rotating  gauze  discs  nearly  to  the  central 
stem  of  the  anode  and  aboat  one-third  the  silver,  say  two  grams, 
deposited;  then  the  cathode  was  pointed  at  a  45^  angle  between 
the  stem  and  tlie  upper  disc  and  a  little  more  silver  deposited. 
The  point  where  the  stem  passes  through  this  disc  seems  to  be 
the  most  difficult  place  to  cover.  Finally  the  cathode  was 
removed  to  a  position  below  the  anode  and  the  electrolysis 
continued  until  the  electrolyte  was  silver  free.  The  weight 
of  the  anode  was  generally  increased  abont  5  grms.  as  a  result 
of  the  plating.  Only  once  was  unplated  platinum,  presumably 
the  same  as  noticed  by  Goldbaum,*  seen  by  the  writer,  and 
then  as  black  specks  appearing  on  the  center  stem  between  the 
disc,  and  tliese  were  easily  covered  by  plating  on  a  few  tenths 
of  a  gram  more  silver  with  the  cathode  between  the  discs. 

Electrolysis, — For  an  electrolysis  about  2  kg.  of  mercury 
was  placed  in  the  apparatus,  the  amount  of  sodium  chloride — 
generally  50*^™*  of  the  'IN  solution — was  introduced  into  the 
inner  cell  and  about  70-90*^""  of  water  into  the  outer  cell  with 
j^cffli  Qf  saturated  salt  solution.  The  plated  anode  was  intro- 
duced, rotated  at  a  speed  of  200-300  r.p.m.  and  the  current 
applied.  After  the  first  few  experiments  no  particular  attention 
was  paid  to  the  speed  of  the  rotation  of  the  anode.  When 
the  electrolysis  was  considered  sufficient  and  the  current 
discontinued  the  anode  was  withdrawn,  washed,  and  dried  by 
appropriate  means.  The  contents  of  the  inner  cell  were 
pipetted  out — when  separate  titration  was  necessary — the 
remainder  of  the  solution  washed  into  a  separatory  funnel  and 
separated  from  the  mercury  by  three  washings.  The  contents 
of  the  outer  cell  were  titrated  by  hydrochloric  acid,  using 
methyl  orange,  generally  at  a  dilution  of  250^*"".  When  other 
dilution  was  used  correction  for  that  volume  was  made  at  the 
time.  The  inner  cell  was  titrated  by  approximately  *1N 
sulphuric  acid.  The  end-point  in  all  titrations  was  obtained 
by  using  a  sodium  hydroxide  solution,  about  *06N,  to  dis- 
charge the  pink  color  of  the  indicator. 

In  some  cases,  as  in  obtaining  the  results  given  in  Table  YI, 
where  it  was  unnecessary  to  separate  the  contents  of  the  inner 
and  the  outer  cells,  hydrochloric  acid  was  added  directly  to  the 
liquid  above  the  mercury  to  about  the  neutral  point  to  methyl 
orange,  then  the  whole  was  shaken  in  a  separatory  funnel  to 
deconopose  the  last  of  the  amalgam  and  the  titration  finished 
in  an  Erlenmeyer  beaker  in  the  absence  of  more  than  a  few 
tenths  of  a  gram  of  the  mercury  at  a  volume  of  250^""*.  This 
procedure  was  shorter  and  to  be  preferred  to  the  complete  sepa- 

*Jour.  Amer.  Chem.  Soc,  zzziii,  42. 
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ration  of  the  mercury  before  titration.  Of  conrse  in  snch  eases 
the  rabber  stoppers  were  first  taken  ont,  one  at  a  time,  and  the 
inner  breaker  washed  as  it  was  removed  from  the  apparatus. 

Determination  of  Silver  in  Mercury. — In  the  first  atteuipts 
to  estimate  the  residual  silver  in  the  flask  after  distillation  the 
mercury  was  driven  out  completely  by  cutting  ofE  the  neck  of  the 
distillation  flask  and  heating  it — rafter  most  of  the  mercurv  had 
been  driven  out — opening  down.  The  heavy  vapor  gradually 
settled  ont  and  left  the  silver  adhering  to  the  flask.  Solution 
and  precipitation  followed.  The  long  time  necessary  to  get  the 
mercury  completely  out  of  the  flask  and  the  solubility  of  the 
silver  chloride  in  acid  upon  precipitation  suggested  the  follow- 
ing procedure,  which  was  used  m  all  the  work  here  quoted. 
The  mercary  was  distilled  until  only  a  small  globule  the  size 
of  a  pea  remained.  Then  after  the  apparatus  had  cooled  and 
the  distillate  had  been  emptied  from  the  receiver,  the  globule 
remaining  in  the  distilling  flask,  together  with  some  of  the 
mercury  that  had  collected  about  the  neck  of  the  flask,  was 
poured  into  a  small  tared  crucible  and  heated  gradually  in  the 
crucible  until  all  the  mercary  had  left  and  then  the  silver 
was  weighed.  In  case  the  globule  of  mercury  was  quite  rich 
in  silver  and  some  of  it  stayed  behind  on  the  flask,  gentle  jar- 
ring caused  more  mercury  to  fall  to  the  bottom,  and  this  was 
used  to  wash  out  the  last  trace  of  amalgam.  A  preliminary 
experiment  showed  that  a  few  milligrams  of  silver  were  com- 
pletely freed  from  added  mercury  by  five  minutes  heating  over 
the  Bunsen  burner. 

Depth  of  Mebcury  in  Cell. 

Smith,*  nildebrand,t  Goldbaum  and  Smith;]:  recommended 
the  use  of  the  mercury  3"*"  above  the  bottom  of  the  inner  cell. 
Goldbaum  §  later  used  about  6""".  The  writer's  experience 
confirms  the  use  of  at  least  6""  of  mercury  to  seal  the  two  com- 
partments. In  several  experiments  when  less  than  6"°  of  mer- 
cury were  used  liquid  passed  from  the  inner  to  the  outer  cell, 
the  speed  of  the  anode  being  250-300  revolutions  per  minute. 
Faster  rotation,  470  revolutions,  forced  water  to  the  outer  cell 
on  some  occasions  even  with  6°*™  of  mercury  above  the  lower 
edge  of  the  inner  cell. 

Experience  with  Anode. 

Drying  and  Heating, — In  a  number  of  experiments  after 
the  electrolysis  of  generally  50^"*  of  "IN  sodium  chloride 
solution  the  anode  was  dried  over  night  in  a  sulphuric  acid 
desiccator,  then  heated  to  a  constant  weight  in  a  steam  oven  at 

•  Electro- Analysis  (1907),  304.  X  L-  c.  1470. 

t  L.  c.  451.  §  L.  c.  36. 
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105°.  This  was  followed  by  heating  in  the  air  bath  or  porce- 
lain crucible  to  abont  800°,  and  finally  the  silver  chloride  was 
f nsed  over  the  tip  of  a  low  flame  of  a  Bnnsen  burner.  The 
results  are  gi-ven  in  Table  1. 

Table  I. 


Chlorine 

After 

After 

After 

After 

After 

taken  as 

drying  in 

drying  in 

heating 

heating 

fusion 

NaCl 

siilpharic  acid 
desiccator 

steam  oven 

in 

in 

over  tip  of 

at  105" 

air  bath 

crucible 

flame 

grms. 

grms. 

grms. 

grms. 

grms. 

grms. 

•1773 

•1809 

•1803 

•1751 

-  _  -  - 

•1746 

•1773 

•1868 

•1801 

•1770 



•1768 

•1775 

•1881 

•1873 

•1784 

•loH 

•1663 

•1612 

-  • . . 

•  •  •  - 

•1495 

It  is  noticed  that  the  constant  weights  obtained  after  heating 
in  the  steam  oven  are  less  than  those  obtained  after  the  anode 
had  stood  over  sulphuric  acid.  Apparently  some  water  was 
not  taken  out  by  the  sulphuric  acid  trying. 

On  heating  m  the  air  bath  or  porcelain  crucible  it  is  seen 
that  the  weights  decreased  30  to  90  mgrins.  more.  On  fusion 
over  the  free  flame  further  reductions  in  weight  of  a  few  tenths 
of  a  milligram  were  obtained. 

It  is  noticed,  in  general,  that  the  increase  in  weights  are 
nearer  the  theory  after  the  heating  at  the  higher  temperature 
of  the  air  bath  or  heating  crucible  than  after  the  heating  at 
105°  in  the  steam  oven.  This  corresponds  to  the  experience  of 
Vortmann,*  the  later  work  of  Goldbanm  and  Smiih,t  Gold- 
baurn,:]:  and  not  with  the  earlier  statements  of  Sraith.§ 

Increase  in  Weiaht  upon  Ileating.  —  It  was  noticed  that 
when  the  anode  with  its  silver  chloride  deposit  was  kept  at  high 
temperature  for  lon^  periods  the  weight  gradually  increased. 
In  one  typical  experiment  the  anode  with  the  silver  chloride 
from  25'^'"*  of  'IN  sodium  chloride  (equivalent  to  -0877  grms. 
of  chlorine)  was  heated  in  the  air  bath  at  320°  for  about  five 
minutes  and  weighed.  The  heating  was  continued  for  11  hours 
in  the  air  bath  for  periods  from  one-half  to  four  hours  each, 
the  temperature  varying  from  400°  to  565°,  most  of  the  time 
being  about  520°.  The  anode  gradually  got  heavier,  and 
increased  in  all  ^0085  grms.  over  tlie  first  weighing. 

In  the  porcelain  crucible  the  same  effect  was  noticed  to  a  less 
degree.     For  example,  the  anode  covered  with  chloride  equiv- 

♦L.  c. 

t  Jour.  Am.  Chem.  Soc,  xxxii,  1469,  Nov.  1910. 
i  Jour.  Am.  Chem.  Soc.,  xxziii,  42,  Jan.  1911. 
§  Electro-Analysis,  305,  1907. 
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alent  to  "0887  grms.  of  chlorine  was  heated  for  1^  hours  at 
about  390°  and  nearly  14  hours  at  about  530**,  gained  in  all  '0011 
grms.  The  same  anode,  after  being  relieved  of  most  of  its  silver 
chloride  by  solution  in  ammonia,  was  heated  a  total  of  25^ 
hours  at  about  390°  (8  separate  heatings)  and  gained  '0055 
grms.  At  630°  one  heating  of  four  hours  caused  an  increase 
of  1  mgrm. 

In  the  electric  oven  three  heatings  of  an  hour  each  at  abont 
435°  (varying  from  390-480°)  caused  an  increase  of  '0008  grrats. 
on  an  anode  holding  the  chlorine  from  SO''"'  of  'IN  sodium 
chloride  solution. 

The  increase  in  weight,  then,  of  a  silver-plated  platinum 
electrode  is  apparent  upon  long  heating  at  temperatures  of 
from  400°  to  500°,  but  it  is  so  small  dunng  short  periods,  say 
15  minutes,  that  it  may  be  neglected. 

The  only  explanation  offered  is  the  statement  of  Graham* s* 
that  silver  heated  to  redness  will  absorb  the  surrounding  gases. 
If  this  is  the  explanation  for  the  phenomena  observed,  it  is 
evident  that  the  absorptive  power  of  silver  is  considerable 
below  red  heat. 

Decrease  in  Weight  upon  Heatvng, — H.  Rosef  says  silver 
oxide  begins  to  decompose  at  250°.  One  might  expect,  there- 
fore, that  exposure  oi  an  anode  to  a  temperature  of  300° 
would  quickly  decompose  all  the  oxide  on  it.  The  action  of 
an  anode,  then,  coated  with  silver  chloride  and  silver  oxide  at 
temperatures  of  300°  and  over  will  be  interesting. 

To  observe  such  action  a  solution  of  50^"'  of  'IN  sodium 
chloride  ('1773  of  chlorine)  was  electrolyzed  and  the  anode 
heated  15  minutes  in  the  electric  oven  at  305°  and  weighed. 
It  showed  a  gain  of  '1793  grams.  The  heating  was  contmued 
for  6  periods  of  about  an  hour  each  at  temperatures  of  300- 
500°  as  shown  in  Table  II. 


Table  II. 

Successive 

Increase  in 

loss  in 

weight 

weight 

Time  of 

App.  ay. 

Range  of 

of  anode 

of  anode 

heating 

temp. 

temperature 

grms. 

grms. 

min. 

0\ 

C\ 

•1798 

16 

305 

280-320 

•1789 

•0004 

60 

« 

230-335 

•1784 

•0006 

65 

a 

275-325 

•1782 

•0002 

60 

a 

280-325 

•1770 

•0012 

100 

a 

305-370 

•1767 

•0003 

65 

410 

400-465 

•1767 

•0000 

60 

450 

415-480 

•Phil.  Mag.  (4),  xxxii,  508. 

t  Ann.  Phys.  [I],  Ixxxv,  317  (Pogg.). 
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It  is  evident  that  the  weight  of  the  anode  decreases  until 
the  temperature  reaches  400-500°.  If  we  assume  that  this 
loss  in  weight  is  due  to  the  decomposition  of  silver  oxide  it  is 
evident  that  heatiog  to  300°  for  a  short  time  cannot  always  be 
depended  upon  to  break  up  all  the  silver  oxide.  Goldbaum 
and  Smith*  used  a  temperature  of  300°  and  Goldbaumf 
later  exposed  his  anode  to  a  temperature  of  330-400°.  The 
necessity  for  heating  at  the  higher  temperature  will  seem 
more  reasonable  if  the  point  of  view  is  taken  that  the  anode 
after  electrolysis  does  not  consist  of  successive  distinct  layers 
of  platinum,  silver,  silver  chloride  and  silver  oxide,  but  rather, 
on  some  occasions,  of  the  chloride  and  oxide  intermixed,  these 
being  deposited  simultaneously.  One  would  expect  silver 
oxide  covered  with  silver  chloride,  particularly  fused  silver 
chloride,  to  decompose  with  more  difficulty  than  silver  oxide 
by  itself. 

Richards  and  Wells:]:  state  that  the  hardened  silver  chloride 
must  be  fused  to  rid  it  of  the  last  traces  of  water  and  further 
that  the  vapor  pressure  of  the  silver  chloride  at  500°  is  ana- 
lytically inappreciable.§  These  statements  furnish  an  added 
argument  for  the  use  of  a  high  temperature,  over  487°,  in  pre- 
paring the  silver  coated  anode  for  weighing  and  tend  to  show 
that  there  would  be  no  loss  by  volatilization  by  so  doing. 

In  two  instances  heating  in  the  crucible  at  the  highest  tem- 
perature— over  600° — caused  a  slow  but  decided  loss  in  weight 
of  the  silver  chloride  coated  anode.  This  was  evidently  due 
to  the  volatilization  of  the  silver  chloride,  as  the  glaze  of  the 
crucible  in  the  immediate  vicinity  of  the  anode  was  attacked 
and  turned  yellow.  This  fact  would  set  550°  as  a  limit  to  the 
temperature  to  which  the  anode  safely  may  be  heated. 

Weighing  Silver  Chloride. — In  view  of  the  facts  stated  in  the 
last  seven  paragraphs :  the  danger  of  increase  of  weiglit  upon 
long  heating ;  the  danger  of  insufficient  heating  at  about  300°, 
the  following  method  was  adopted  for  treatment  of  the  anode 
covered  with  silver  chloride  and  oxide  before  weighing.  The 
anode  was  introduced  into  the  heating  device  at  a  temperature 
below  the  fusion  point  of  silver  chloride,  400-450°,  and  the 
temperature  of  the  oven  increased  until  the  silver  chloride 
fused.  When  the  silver  chloride  had  assumed  the  "yellow 
hot"  condition  or  had  acquired  the  still  hotter  *'  brown  red" 
color  the  heating  was  considered  sufficient.  The  process 
required  from  5  to  15  minutes,  varying  with  the  manipulation 
of  the  oven. 

•Jour.  Am.  Chem.  Soc,  zxxii,  1469. 
+  Jour.  Am.  Chem.  Soc,  xxxiii,  42. 
?  Jour.  Am,  Chem.  Soc,  xxvii,  496. 
§  Jour.  Am.  Chem.  Soc,  xxvii,  518. 
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Change  of  Color  and  Fusion  of  Silver  Chloride, — It  was 
noticed  that  as  the  anode  containing  silver  chloride  darkened 
by  light  was  exposed  to  the  higher  temperatures  of  the  various 
ovens  used,  it  became  gradually  lighter  in  color  and  finally 
colorless.  The  change  was  most  rapid  as  the  melting  point, 
487°,*  was  approached. 

Silver  chloride  that  had  been  rendered  colorless  by  fusion 
and  weighed,  turned  dark  on  exposure  to  light  without  change 
in  weight  and  became  again  colorless  upon  refusion  with  no 
detectable  change  in  weight. 

Goldbaumf  and  other  writers  speak  of  distinguishing  by- 
color  the  silver  chloride  darkened  by  light  from  the  silver 
oxide  also  deposited  on  the  anode.  This  is  not  always  the 
writer's  experience.  There  were  times  in  the  course  of  this 
work  when  he  could  distinguish  between  them.  At  other 
times  only  reference  to  the  treatment  the  anode  had  under- 
gone could  decide  whether  it  was  coated  with  oxide  or  chlo- 
ride or  both,  and  the  color  gave  no  correct  indication  of  what 
might  be  on  the  anode.  These  points  are  noted  in  progress  of 
the  work,  which,  however,  have  no  direct  bearing  upon  it. 

Cleaning  with  Potaaaivm,  Cyanide, — Grooch  and  Ilead:^ 
have  shown  that  the  gauze  electrode  plated  from  potassium 
cyanide  is  contaminated  by  the  cyanide.  Consequently  even 
for  the  solution  of  the  silver  chloride  from  tl^e  anode  the  use 
of  this  reagent,  for  the  most  part,  was  avoided. 

The  two  exceptions  where  it  was  used  gave  the  following 
experience.  In  one  the  anode  covered  with  the  fused  chloride, 
from  the  electrolysis  of  salt  equivalent  to  "1773  grms.  of  chlo- 
rine, was  rotated  in  6  per  cent  potassium  cyanide  for  \\  hours, 
then  rinsed  in  running  water  under  the  tap  and  rotated  again 
in  fresh  wat^r  in  a  beaker  for  2  hours.  The  water  in  this 
second  beaker  gave  a  white  precipitate  when  silver  nitrate  was 
added,  showing  that  potassium  cyanide  had  diffused  into  it. 

In  the  second  experiment  the  anode,  also  covered  with  fused 
silver  chloride  from  salt  equivalent  to  "1773  grams  of  chlorine, 
was  allowed  to  stand  in  5  per  cent  cyanide  solution  all  night 
and  part  of  a  day,  then  wasned  under  the  tap  and  placed  in  a 
fresh  beaker  of  water,  where  it  stood  during  the  remainder  of 
the  dav  and  all  night.  The  following  day  it  was  rinsed  again 
and  allowed  to  stand  four  hours  in  a  second  fresh  beaker  of 
water.  The  water  in  the  first  beaker  of  water  gave  a  precipi- 
tate with  silver  nitrate  solution  and  the  second  none,  not  even 
upon   evaporation    to  5"""*   on  the  steam  bath.     These  experi- 

•Kohlrausch,  P.  A.  (2),  xvii,  642  (Dammer). 

tL.  c. 

X  ThiB  Journal,  xxviii,  560,  Dec.  1909. 
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ments  show  that  potassium  cyanide  used  for  solution  of  the 
silver  chloride  cannot  be  washed  out  in  a  few  seconds  under 
the  tap  but  does  practically  all  diflEuse  out  upon  long  standing 
in  water. 

After  the  experiment  last  recorded  in  the  previous  para- 
graph was  performed,  the  silver  (5*7  grams)  on  the  anode  used 
was  dissolved  in  half  strength  nitric  acid.  Some  platinum, 
finely  divided,  appeared  in  the  beaker.  The  mixture  was 
evaporated  on  tlie  steam  bath  and  water  added.  A  white  pre- 
cipitate was  apparent.  The  addition  of  more  nitric  acid  caused 
the  disappearance  of  the  white  precipitate.  The  liquid  upon 
evaporation  was  now  noticed  to  have  the  reddish  yellow  color 
of  platinum  chloride  and  did  contain  platinum  in  solution. 
The  writer  would  say  that  the  solution  of  the  platinum  black 
was  due  to  the  action  of  nitric  acid  and  hydrochloric  acid, 
which  latter  could  only  have  come  from  some  silver  chloride 
left  unattacked  by  the  cyanide,  and,  consequently,  that  potas- 
sium cvanide  may  not  completely  dissolve  fused  silver  chloride 
from  the  gauze  anode.  This  experiment  verified  a  previous 
observation  to  the  same  effect. 

Cleaning  with  Ammonia. — It  was  attempted  many  times  to 
remove  the  fused  silver  chloride  from  the  anode  by  solution  in 
ammonia.  This  was  only  partially  successful,  as  a  few  selected 
experiments  will  show.  In  one  the  anode  covered  with  '72 
gruis.  of  fused  silver  chloride  lost  '52  grms.  upon  ten  minutes 
rotation  in  strong  ammonia. 

In  a  second  experiment  the  anode  was  rotated  in  one-half 
strength  ammonia  four  hours.  Then,  after  heating  to  redness 
again,  rotated  for  15  minutes  in  fresh  ammonia  and  the  solu- 
tion evaporated.  The  residue  showed  silver  chloride.  The 
anode  after  heating  again  to  dull  redness  and  still  showing 
silver  chloride,  was  fused  and  rotated  17^  hours  in  ammo- 
nia of  half-strength  and  the  liquid  was  evaporated.  Silver 
chloride  was  found  in  the  residue.  The  anode,  upon  being 
weighed,  showed  a  loss  of  '0110  grms.  in  weight.  Reduction 
in  hydrogen  reduced  the  weight  -0020  grms.  more. 

It  was  evident  from  these  and  other  experiments  that  com- 
plete solution  of  the  fused  silver  chloride  in  ammonia  was 
tedious  if  not  impossible. 

Reduction  in  Hydrogen. — The  reduction  of  the  silver  chlo- 
ride on  the  anode  by  hydrogen  was  more  satisfactory  than  the 
cleaning  with  either  cyanide  or  ammonia.  The  process  as  it 
was  carried  out  was  briefly  as  follows :  The  anode  after  weigh- 
ing, covered  with  fused  chloride,  was  suspended  in  the  porcelain 
heating  crucible  previously  described,  the  cover  of  iron  or  mica 
snugly  but  lightly  adjusted,  hydrogen  dried  by  sulphuric  acid 
introduced  briskly,  Kose  fashion,  through  the  cover  and  the 
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Bunsen  burner  under  the  crucible  lighted.  The  temperature 
in  the  crucible  was  500-600°. 

After  the  reduction  was  over,  the  flame  was  lowered  and 
withdrawn  and  the  anode  cooled  for  a  minute  in  the  current  of 
hydrogen.  Occasionally  when  the  cover  was  loose  the  air  got 
in  and  caused  the  mixture  to  explode,  or  the  hydrogen  escaping 
burned  at  the  edges  of  the  crucible.  This  did  no  harm,  but  a 
cover  fastened  tightly  to  the  crucible  should  not  be  used. 

In  Part  1  of  Table  III,  which  follows,  are  recorded  in  the 
order  in  which  they  were  obtained  the  results  of  reducing  the 
anode  containing,  each  time,  the  chorine  from  60"°'  of  "IN 
sodium  chloride  solution  (equivalent  to  '1773  grms.  chlorine). 
The  same  plated  anode  was  used  throughout  the  series,  being 
reduced  each  time  after  fusion  and  weighing,  and  then  used  in 
electrolysis  to  hold  more  chlorine. 


Table  III. 

Chlorine 

added 

by 

electrolysis 

Sum  of 

amounts 

of  chlorine 

added 

Chlorine 

lost 

by 

reduction 

Sum  of 

amounts  of 

chlorine 

lost  by 

reduction 

Chlorine 
unreduced 
remaining 

on  anode 

Time 

of 

heating 

grms. 

grms. 

grms. 
Part  1. 

grms. 

grms. 

min. 

1 

•1775 



•1387 



•0388 

5 

2 

•1771 

•3546 

•2111 

•3498 

•0048 

10 

3 

•1770 

•5316 

•1791 

•5289 

•0027 

25 

4 

•1781 

•7097 

•1767 

•7056 

•0041 

20 

5 

•1775 

•8872 

•1266 

•8322 

•0550 

9 

6 

•1743 

1-0615 

•1234 

•9566 

•1069 

15 

7 

•1780 

1-2395 

•1782 
Part  2. 

M338 

•1067 

19 

8 

•1770 



•1768 



•0002 

20 

9 

•1768 

•3538 

•1768 

•3536 

•0002 

13 

In  column  5  are  recorded  the  differences  between  the  sum  of 
the  amounts  of  chlorine  added  to  the  anode  by  electrolysis  and 
the  sum  of  the  amounts  lost  by  reduction  ;  in  other  words,  the 
amount  of  chlorine  still  remaining  on  the  anode. 

It  is  seen  that  live  or  ten  minutes  heating  in  hydrogen  is  not 
sufficient  to  reduce  all  the  silver  chloride  to  silver,  and  that  if 
the  anode  is  used  in  electrolysis  with  some  silver  chloride  still 
unreduced  on  it,  the  complete  reduction  of  all  silver  chloride 
thereafter  is  hardly  possible. 

In  Part  2  are  recorded  two  experiments,  made  in  succession 
with  a  freshly  plated  anode.     It  is  seen  that  when  the  first 
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redaction  (exp.  8)  is  made  sufficiently  lone  to  reduce  all  the 
silver  chloride,  there. seems  to  be  no  difficulty  in  a  subsequent 
complete  reduction. 

The  most  satisfactory  method,  then,  for  the  removal  of  the 
silver  chloride  on  the  anode  is  reduction  by  hydrogen  in  the 
porcelain  crucible  at  a  temperature  of  500-600°,  and  the  time 
required  is  about  20  minutes.  This  method  has  the  added 
advantage  of  allowing  the  same  silver-covered  anode  to  be  used 
over  and  over  again  without  repeating. 

Liquid  of  thb  Inneb  Cell. 

Alkalinity. —  Hildebrand*  states  that  the  inner  cell  after 
electrolysis  contains  nothing  but  pure  water.  Smith,f  appar- 
ently quoting  Hildebrand,  makes  a  statement  to  the  same  effect. 
Goldbaum  \  speaks  of  the  possibility  of  decomposition  of  the 
sodium  amalgam  in  the  inner  cell,  giving  rise  to  sodium 
hydroxide.  In  the  writer's  experience  the  Rguid  of  the  inner 
cell,  after  electrolysis  had  begun,  was  alkahne  to  indicators 
whenever  tested.  In  one  experiment  a  drop  of  phenolphthalein 
was  added  to  the  inner  cell  liquid.  Upon  passing  the  current 
the  liquid  turned  pink  and  remained  alkaline  throughout  the 
electrolysis.  In  a  second  experiment  the  inner  cell  liquid,  col- 
ored pink  by  the  same  indicator  shortly  after  the  electrolvsis 
had  begun,  stayed  pink  durirfg  the  remainder  of  the  operation. 

In  a  number  of  experiments  the  alkalinity  of  the  inner  cell 
was  determined  by  titration  with  '08996N  sulphuric  acid  using 
methyl  orange.  The  amounts  of  acids  used  together  with  the 
initial  and  final  current  conditions  are  given  m  Table  IV  as 
follows : 


Table  IV. 

Salphoric 

acid 
•08996N 
No.            cm* 

Time  of 

electrolysis 

min 

Amp. 
initiaU  final 

Voltage 
initial  A  final 

Remarks 

1 

13-69 

140 

•24--086 

4  cells 

2 

3 
4 
6        ^ 

6 

8-66 

'2-39 
2-88 
2-16 
2-09 

70 

14 

18 
19 
18 

•28-063 

1^4  -O^t 
1-4  -01 
1-3  -009 
!•!  7-0-1 

4-3 

7-2-8 
7-2-8 
7-2-8 
7-4-8 

Changed 
daring  ezpt. 

7 
8 

1-31 
1-01 

42 
38 

•77-  -03 

4  cells 

6-8 

•6  Raised  to  10 
near  the  start 

9 

•92 

13 

•63  --03 

7-4-8 

10 

•62 

31 

1-3     -•03 

7-8 

« 

^  L.  c.  452  and  458. 

t  L.  c.  305 

tL. 

0.41. 
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Looking  at  the  table  and  omitting  expts.  3-6  and  observing 
the  remainder  in  which  the  current  was  interrupted  when  the 
ammeter  read  about  '03,  it  is  seen  that  the  alkalinity  of  the 
inner  cell  is  less  when  the  initial  current  is  greater.  Looking 
at  expts.  1,  2,  7,  8,  and  9,  in  which  a  lower  current,  -24— '77  amp., 
was  used,  it  is  seen  that  the  alkalinity  increases  with  the  time 
of  electrolysis.  In  experiments  3-6,  where  initial  current  was 
larger  and  the  time  short,  the  alkalinity  is  small. 

Now  with  these  experiments  comes  the  very  natural  conclu- 
sion that  an  electrolysis  conducted  for  a  longer  time  with  a 
low  current  produces  more  sodium  hydroxide  in  the  inner  cell 
than  one  run  the  shorter  time  with  a  stronger  current. 

Silver  Oxide, — The  presence  of  sodium  hydroxide  in  the 
inner  cell  suggests  the  presence  of  dissolved  silver  oxide  in  the 
inner  cell  liquid.  Accordingly  a  few  drops  of  -IN  sodium 
chloride  solution  were  added  to  the  acidic  liquids  of  inner  cells 
described  in  expts.  7  and  8  of  Table  IV.  in  No.  8  an  opales- 
cence appeared  at  once  and  in  No.  7  a  slight  precipitate 
appeared  after  standing  a  few  days,  indicating  in  both  experi- 
ments the  presence  of  soluble  silver  compound,  the  oxide,  in 
the  inner  cells.  The  amounts  of  silver  chloride  precipitated 
from  these  inner  cell  liquids  by  sodium  chloride  was  not 
determined  but  was  judged  to  be  only  one  or  two  tenths  of 
a  milligram. 

When  the  electrolyses  recorded  in  expts.  3-6  of  Table  IV 
were  made,  in  which  the  current  was  stopped  at  0*1  ampere, 
no  soluble  silver  oxide  was  found  in  the  inner  cell  by  the 
addition  of  "IN  sodium  chloride  solution  to  the  liquid  acidic 
with  sulphuric  acid. 

Silver,  then,  may  be  lost  by  solution,  as  silver  oxide,  when  the 
electrolysis,  under  the  conditions  given  in  expts.  7  and  8, 
proceeds  from  30  to  45  minutes ;  but  is  not  dissolved — expts. 
3-6 — if  the  current  is  strong  enough  to  complete  the  opera- 
tion in  14-19  minutes. 

Turbidity, — The  opalescence  of  the  inner  cell  liquid  during 
electrolysis  has  attracted  the  attention  of  many  workers. 
Goldbaum  and  Smith*  suggested  that  the  distance  of  the  anode 
from  the  mercury  was  a  factor  in  its  production;  and  that 
electrolyses  made  with  the  anode  l'^  above  the  mercury  were 
free  from  turbidity.  Later,  Goldbaumf  stated  that  platinum 
exposed  to  the  electrolyte  during  electrolysis  is  responsible  for 
the  opalescent  phenomenon. 

The  writer  is  unable  to  draw  any  conclusions  from  his  work 
regarding  the  matter.  The  opalescence  was  encountered  in 
some  instances   and   in   others,   apparently   identical,   it  was 

*L.  c.  tL.  c.  43. 
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absent.  Certain  it  is  that  in  the  electrolysis  with  an  anode  of 
pure  silver  alone — no  platinum  about  the  apparatus — in  the 
experiments  recorded  in  Part  2  of  Table  V  the  turbidity  was 
present;  showing  that  platinum  exposed  to  the  electrolyte  is 
not,  as  supposed  by  Goldbaum,  the  controlling  factor. 

In  general  when  an  electrolysis  of  50*^""*  of  'IN  salt  solution 
was  conducted  with  a  low  initial  amperage,  -24-77,  opalescence 
made  its  appearance  when  the  current  fell  to  -02-06  amp. ;  the 
time,  38-140  minutes,  varying  inversely  with  the  strength  of 
the  current  used. 

The  liquid  of  the  inner  cells  in  some  of  these  experiments 
on  settling  spontaneously  some  weeks  gave  precipitates  which 
weighed  -5--8  mgrms. 

In  some  cases  where  the  electrolyses  were  conducted  for 
long  periods  the  opalescence  came  and  disappeared.  It  is 
assumed  here  that  the  silver  chloride,  the  substance  giving  rise 
to  the  opalescence,  reacted  with  the  sodium  hydroxide  and  that 
the  products  were  elect roly zed  ;  the  chlorine  going  to  the 
anode  and  the  silver  into  the  mercury. 

Even  in  the  experiments  recorded  in  Part  4  of  Table  V,  the 
conditions  being  the  most  ideal  for  quantitative  work  that  the 
writer  was  able  to  obtain,  the  liquid  of  the  inner  cell  showed 
a  trace  of  opalescence  when  viewed  alone  in  a  small  beaker. 

Reactions, — Some  remarks,  mostly  theoretical,  may  not  be 
out  of  place  at  this  point.  If  we  assume  the  simultaneous 
deposition  of  chlorine  and  oxygen  on  the  anode,  the  chlorine 
being  deposited  most  freely  at  the  beginning  of  the  process  and 
the  oxygen  at  the  end,  it  would  seem  natural  that  the  process 
should  go  smoothly  until  the  silver  anode  surface  is  covered 
with  these  products.  One  of  the  natural  results  of  crowding 
on  more  oxygen  and  chlorine  would  be  to  cause  the  formation 
of  compounds  of  silver,  oxygen  and  chlorine.  Allowing  the 
formation  of  soluble  silver  oxygen  compounds,  say  the  nypo- 
chlorite,  either  or  both  of  the  following  reactions  might  take 
place,  according  to  the  amounts  of  sodium  hydroxide  or  chloride 
present  in  the  inner  cell : 

AgOCl+NaOH  =  AgOH  +  NaOCl,  or 
AgOCl  +  NaCl     =  AgCl  +  NaOCI. 

The  writer  has  found  soluble  silver  oxide  in  the  inner 
cell ;  Goldbaum,*  under  some  conditions,  also  found  a  de- 
posit of  silver  oxide.  The  opalescent  substance  occurring 
during  electrolysis  one  would  expect  to  be  silver  chloride. 
Gooch  and  Readf  found  hypochlorite  in  the  inner  cell  using 

♦  Loc.  cit.  42.  .  t  Loc.  cit. 
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no  mercury  cathode.  Goldbauin  and  Smith*  verify  this 
observation.  The  writer  was  unable  to  find  hypochlorites  at 
any  time  when  the  mercury  cathode  was  used.  What  the 
function  of  the  mercury  is  in  decomposing  or  preventing  the 
formation  of  the  hypochlorites  has  not  been  explained,  although 
it  is  well  known  that  metallic  mercury  and  sodium  hypochlorite 
react  to  form  mercury  oxide  and  sodium  chloride,  both  of 
which  products  one  would  expect  to  be  decomposed  in  the 
electrolytic  cell. 

Tbansfbr  of  Silver  to  Mercury  Cathode. 

Using  the  Silver  Plated  Anode, — Gooch  and  Readf  in  one 
experiment  had  a  loss  unaccounted  for  of  "0012  grms.  which 
pomted  towards  the  transfer  of  silver  from  the  anode  to  the 
mercury.  Goldbaura,:]:  however,  after  performing  50  elec- 
trolyses found,  by  the  use  of  the  nephelometer,  only  'OOOS  grms. 
of  silver  in  the  residue  from  the  cathode  mercury  after  distil- 
lation. In  the  present  work  the  writer  found  silver  in  the 
cathode  mercury  whenever  an  electrolysis  with  silver  on  the 
anode  was  made,  though,  under  some  conditions,  the  amount 
was  small  enough  to  be  quantitatively  negligible. 

On  the  supposition  that  the  transfer  of  silver  to  the  cathode 
takes  place  to  a  greater  degree  toward  the  end  of  the  elec- 
trolysis tte  effort  was  made  to  reproduce  repeatedly  in  one 
experiment  such  conditions  as  exist  at  the  end  of  an  electrolysis, 
expecting  by  this  means  to  get  the  maximum  transfer  of 
silver.  Accordingly  two  experiments  were  made  in  which 
about  48"**  of  'iK  sodium  chloride,  added  in  approximately 
2cmt  portions,  wer6  electrolyzed.  Twice  during  tne  operation, 
once  after  the  ninth  addition  of  salt  solution  and  once  after 
the  fifteenth,  the  anode  was  removed,  heated  to  free  it  from 
silver  oxide,  and  the  contents  of  the  inner  cell  siphoned  out. 
In  greater  detail :  The  apparatus  was  set  up  as  usual,  50""'  of 
water  added  to  the  inner  cell  (the  lower  disc  of  the  anode 
being  now  about  4-5™*"  above  the  surface  of  the  mercury)  and 
the  approximately  2^"*'  portion  of  the  salt  solution  added.  The 
current,  '06-*09  amp.,  decreased  generally  in  8-10  minutes  to 
'03  amp.  when  a  fresh  portion  of  salt  solution  was  added. 

After  about  48°"'  of  the  salt  solution  had  been  electrolyzed 
in  24  portions,  consuming  5  hours,  the  mercury  was  separated 
and  distilled.  The  residue  from  the  two  distillations  contained, 
on  the  averse,  8  mgrms.  of  silver.  These  details  are  found 
in  Part  I  of  Table  V  and  show  plainly  the  transfer  of  silver 
under  these  conditions. 
*  Loc.  cit.  t  L.  c.  p.  549.  J  L.  o. 
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Table  V. 


Total  NaCl 
sol.   IN,    No.  of 
added         addi- 
cm*.  tions 


47-98 
48-12 


17± 


SO'OO 
60-00 


No.  of  times 
anode  was 

heated  dur- 
ing process 

to  free  from 
oxide 


24 
24 


12 


Total  time 
of  electro- 
lysis 
min. 


Amoant 

of  silver 

Initial  and  final    recovered 

current  condi-        by  distil- 

tions  lation 

amp.        volts  gnus. 


Part  1.     {Silver  plated  anode.) 

3  305 

3  232 


\zh'  '{ 


Part  2. 
4 


(Silver  anode.) 
1077 


Parts. 

0 
0 


(Silver  plated  anode.) 

38  -6-03 

31        1-0-03 


Part  4.    (Silver  plated  anode.) 


60 
60 
50 
60 


Parts. 

0 
0 
0 
0 


(Silver  plated  anode.) 

14  1  •2-0-2 

16  1-2-0-2 

13  1-6-019 

11  1-2-0-19 


7-4-8 


Experiments  3-6  in  Table  IV. 

50-02  10  14  1-4-01  7-2-8 

50-00  1  0  18  1-4-0-1  7-2-8 

50-00  10  19  1-3-0-09  7-2-8 

50-00  1  0  18  1-17-0-1  7-4-8 


•0075 
•0083 


-0162 


-0006 
-0005 


y  -0005 


7-4-8^ 


-0001 


Next,  two  experiments  with  the  platinum  anode,  silver 
covered,  were  made  separately,  the  current  being  interrupted, 
as  before,  when  it  fell  to  '03  ampere.  From  the  data  in  Part 
3  of  Table  V  it  is  s.een  that  a  quantity  of  silver,  half  of  a 
milligram,  analytically  appreciable,  was  recovered  from  the 
mercury  in  each  experiment.  Previous  to  these  experiments 
the  anode  was  fresnly  plated  and  after  each  the  anode  was 
treated  with  hydrogen  at  a  high  temperature  to  reduce  the 
silver  chloride.  Other  data  from  these  same  experiments  was 
given  previously  in  Part  2  of  Table  III. 

Again  four  electrolyses  were  made,  reducing  the  silver 
chloride  on  the  anode  more  or  less  completely  between  each 
electrolysis  and  stopping  the  current  at  -01  ampere.  [Examin- 
ation of  the  liquid  of  the  inner  cell  (expts.  3-6  Table  IV) 
showed  the  decomposition  of  the  sodium  chloride  complete 
under  these  conditions.]  The  amount  of  silver  transferred  to 
the  mercury  in  the  four  experiments,  recovered  by  distillation, 
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was  "0005  grms.,  an  amount  analytically  negligible.  These 
experiments  are  written  in  Part  4  of  Table  V. 

In  another  group  of  eight  experiments  made,  as  always,  with 
freshly  distilled  mercury — those  recorded  in  Table  VI — done 
under  practically  the  same  conditions  as  those  mentioned  in  the 
previous  paragraph,  part  of  the  mercury  yielded  '0009  grms. 
of  silver.  Part  of  the  globule  of  mercury  containing  all  the 
silver  was  spilled  just  before  the  final  heating  but  not  more 
than  one-quarter  was  lost.  Allowing  for  this  loss  and  calling 
the  actual  amount  of  silver  '0011  grms.,  the  amount  of  silver 
transferred  to  the  cathode  is  proportionately  the  same  as  in  the 
four  experiments  of  the  previous  paragraph — '0001  for  each 
electrolysis — and  also  small  enough  to  be  neglected. 

Further,  as  shown  in  Part  5  of  Table  V,  four  electrolyses 
were  made  similarly,  except  that  the  current  was  interrupted 
when  the  ammeter  read  02.  The  mercury  u^on  distillation 
yielded  '0001  grms.,  an  amount  of  silver  easily  visible  in  a 
porcelain  crucible  and  which  was  precipitated  as  the  chloride 
with  sodium  chloride  after  solution,  evaporation  to  dryness  and 
re-solution.  The  decomposition  of  the  sodium  chloride  in  the 
inner  cell  was  not  complete  under  these  conditions,  as  amounts 
varying  from  8  to  30  mgrms.  were  found  by  titi-ation  of  the 
inner  cell  liquid. 

These  facts  show  the  transfer  of  silver  from  the  plated  anode 
to  the  mercury  to  be  a  regular  feature  of  the  electrolysis,  under 
the  conditions  described  in  this  paper,  and  that  the  amount  of 
silver  so  transferred  is  considerably  increased  if  the  electroly- 
sis is  continued  beyond  the  point  where  the  sodium  chloride  is 
all  decomposed ;  but  if  the  electrolvsis  is  interrupted  as  soon  as 
the  salt  is  all  decomposed  very  little  silver  is  transferred  to  the 
mercury. 

Using  a  Silver  Anode, — Next  the  silver  plated  platinum 
anode  was  substituted  by  one  of  pure  silver  with  the  same 
general  result,  although  the  size  and  shape  of  the  silver  anode 
were  decidedly  different  from  the  plated  platinum  one  previ- 
ously used. 

This  silver  anode  was  made  by  wrapping  a  piece  of  gauze* 
10x6^"*  around  a  20"*"*  test  tube  shortened  in  lenffth  to  5-5*'". 
A  couple  of  sharp  glass  points  on  the  outside  of  the  test  tube 
held  the  gauze  in  position  and  a  silver  wire  wrapped  around 
the  top  of  the  tube  secured  the  gauze  firmly  as  well  as  furnished 
connection  with  the  metal  rod  above,  onto  which  the  rubber 
stopper  and,  in  turn,  the  test  tube,  fitted.  The  amount  of 
gauze  dipping  into  the  electrolyte  during  the  experiment  was 
about  1*5x10^",  making  the  surface  of  anode  metal  exposed 
much  less  than  in  the  two  previous  experiments  with  the  silver 
*  A  German  article  copper  free. 
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plated  anode,  and  consequeutly  the  conditioDs  of  electrolyses 
not  comparable. 

After  two  additions  of  approximately  2^'  portions  of  salt 
solution  the  current  would  not  decrease  to  as  little  at  '03  amp. 
even  when  the  electrolysis  of  the  third  2®'°'  was  continued  from 
2  to  4i  hours.  Upon  the  failure  of  the  current  to  fall  to  -03 
ampere  the  inner  cell  liquid  was  siphoned  out,  the  anode  heated 
to  tree  it  from  oxide  and  the  electrolysis  continued  with  a  fresh 
2cm«  portion  of  the  salt  solution. 

As  seen  from  the  data  of  the  experiment  in  Part  2  of  Table 
V  the  electrolysis  ran,  in  all,  nearly  18  hours  and  "0162  grms. 
of  silver  were  recovered  from  the  mercury  by  distillation. 
Comparing  this  experiment  with  those  recorded  in  Part  I  it 
would  seem  to  make  little  difference  as  to  whether  the  anode 
was  pure  silver  or  silver  plated  if  the  transfer  to  silver  to  the 
cathode  is  alone  considered. 

No  experiments  were  made  to  determine  the  best  analytical 
conditions  for  the  use  of  this  pure  silver  anode,  those  having 
been  satisfactorily  worked  with  the  more  efficiently  sized  and 
shaped  silver  plated  platinum  electrode. 

Conditions  fob  Analysis. 

The  matter  in  the  foregoing  pages  may  now  be  used  to 
determine  the  best  conditions  for  the  electrolysis  of  50°"*  of 
'IN  sodium  chloride  solution  using  the  apparatus  at  hand  and 
4  storage  cells.  What  the  proper  conditions  would  be  with  a 
sodium  chloride  solution  of  different  strength  with  an  appara- 
tus of  slightly  different  dimensions  or  under  different  current 
conditions,  the  author  feels,  would  have  to  be  determined  by 
preliminary  experimentation. 

The  ammeter  cannot  be  relied  upon,  without  previous  experi- 
mentation, to  determine  the  end  of  the  electrolysis,  as  the  cur- 
rent, during  the  operation,  falls  gradually  from  the  start  to  an 
indefinite  end.  There  is  no  rapid  decrease  in  the  ammeter 
reading  at  any  point  to  indicate  the  complete  decomposition 
of  the  sodium  chloride,  the  accumulation  of  the  alkali  in  the 
inner  cell  being  sufficient  to  carry  considerable  current  mean- 
while. 

Procedure, — The  procedure,  then,  for  the  quantitative  elec- 
trolysis of  -2923  grms.  of  sodium  chloride  in  50*^""  of  water 
would  be  as  follows :  Introduce  about  2  kg.  of  mercury  into 
the  apparatus  or  sufficient  mercury  to  rise  6-8""*  above  the 
bottom  of  the  inner  cell.  Cover  the  nickel  wire  with  water 
(70-80^"')  and  add  to  it  1^"'  of  saturated  salt  solution.  Intro- 
duce the  50*=""  of  salt  solution  (-2923  grams  NaCl)  into  the 
inner  cell  and  electrolyze  with  the  bottom  of  the  anode  6-10"" 
above   the  surface  of  the  mercury.     The  current  should   be 
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1 '2-1*5  amp.  at  the  start,  and  stop  at  O'l  ampere.  Take  out 
the  anode,  nold  it  over  the  inner  cell  and  wash  with  the  jet  of 
the  wash  bottle.  Introduce  into  the  heating  apparatus — the 
electric  furnace  or  the  heating  crucible — heat  at  400-450°,  and 
raise  the  temperature  during  5-10  minutes  until  the  silver 
chloride  is  fused,  avoiding  temperatures  over  550°.  Cool  and 
weigh.  Titrate  the  liquid  over  the  mercury  to  near  the  end- 
point,  using  methyl  orange  with  'IN  hydrochloric  acid,  then 
transfer  to  a  separatory  funnel  and  shake  well  to  decompose 
the  remaining  sodium  amalgam.  Draw  off  the  mercury  and 
finish  the  titration,  using  sodium  hydroxide  to  determine  the 
end-point.  In  case  violent  shaking  introduces  suspended  mer- 
cury into  the  liquid,  making  the  end-point  difficult  to  deter- 
mine, the  mercury  may  be  allowed  to  settle  out,  or  the  mixture 
may  be  filtered,  or  more  methyl  orange  may  be  added. 

lieanlta. — Following  these  directions,  a  few  experiments 
were  made  using  60°"*'  of  'IN  sodium  chloride  solution  (•2923 
grms.  NaCl)  to  determine  the  accuracy  of  the  process  in  the 
hands  of  the  present  investigator.  One  hour  was  the  time 
required  to  make  a  single  determination.  The  results  given,  in 
the  order  in  which  they  were  obtained,  follow  in  Table  VI. 

Table  VI. 

Time 
Time         of 

of         heat-  Temp,  of 

Chlorine    Sodium    electro-     ing  heating        Error, 

No.      found        found       lysis      anode  anode        ^'  ' 

grms.        grms.        min.      min.  C. 


Error. 
Chlorine        Sodium 
grms.  grms. 


1 

•1755 

•1162 

19 

10 

2 

•1771 

•1169 

21 

23 

3 

•1770 

•1168 

18 

14 

4 

•1781 

•1166 

18 

13 

5 

•1775 

•1157 

20 

19 

6 

•1743 

•1132 

20 

72 

7 

•1780 

•1161 

19 

7 

8 

•1767 

•1155 

19 
19 

6 

Aver. 

•1768 

•1155 

I  390 

'   455 

,  410 

I   460 

560 
'   468 

400 
I  470 

400 
I  450 
j  460 
\  480 
J405 
I  440 
\  405 
\  440 


—  •0018  +-0002 

—  •0002  -f0009 

—  •0003  -f.'0008 
-I- -0008  -I- -001 6 
+  •0002  +^0007 

—  •0030  — -0018 
-f0007  -l-^OOll 
—•0006  +-0005 


—  •0006        +^0005 
The  fifth  column  shows  the  temperature  of  the  electric  oven  at 
the  beginning  and  end  of  the  heating. 
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Under  the  most  favorable  conditions,  determined  empiri- 
cally for  one  definite  amount  of  sodium  chloride,  results  show 
fair  analytical  accuracy.  The  chlorine  tends  to  be  low,  aver- 
aging --•0005grms.  between  the  extremes  of  +'0008  grms. 
and  —'0030  grms. ;  and  the  sodium  high,  averaging  +-0006 
grms.  between  the  extremes  of  +'0016  grms.  ana  —"0018 
gnns.  The  direction  of  the  errors  is  just  what  would  be 
expected  from  the  preceding  work  of  this  paper. 

SUMMABY 

This  work  shows  then,  that  in  the  eleotrolysis  of  sodium 
chloride,  under  the  conditions  described,  with  the  anode  of 
silver,  or  silver  plated,  and  the  mercury  cathode,  silver  is 
always  transferred  from  the  anode  to  the  cathode  mercury ; 
although,  under  conditions  determined  by  experiment  to  be 
most  favorable  for  a  given  amount  of  chloride,  the  amount  of 
silver  transferred  may,  for  analytical  purposes,  be  neglected. 

The  favorable  conditions  used  in  this  work  for  the  electroly- 
sis of  60^"""  of  -IN  sodium  chloride  solution,  containing  -2923 
grams  of  salt,  with  the  apparatus  described,  were  obtamed  by 
using  a  current  1-2-1-5  amps,  and  allowing  it  to  fall  to  O'l 
any).     This  required  18-20  minutes. 

It  is  recommended  that  the  anode  covered  with  silver  chlo- 
ride be  first  heated  below  the  fusing  point  of  the  chloride  to 
decompose  all  of  the  silver  oxide  and  that  then  the  heat  be 
increased  so  as  to  fuse  the  chloride,  five  or  ten  minutes  at  a 
temperature  400-500°  being  suflicient. 

Sodium  hydroxide  is  always  present  in  the  inner  cell  after 
the  beginning  of  the  electrolysis. 

The  best  method  of  treating  the  anode  covered  with  fused 
silver  chloride  to  prepare  it  to  be  used  in  a  subsequent  electroly- 
sis is  by  heating  about  20  minutes  at  about  500°  or  a  little  over 
in  a  current  of  hydrogen. 
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Art.  XLI. — ITie  Reactions  in  a  System  of  Nickel  or  Pluti- 
num.  Mercury^  and  Sodium  Chloride;  by  Ohables  A. 
Pbtebs. 

[Contribations  from  the  Kent  Chemical  Liaboratorj  of  Yale  IJniY. — ccxxvii.] 

During  the  progress  of  work  upon  the  electrolysis  of  sodium 
chloride  with  the  mercury  cathode,^  it  was  noticed  that  when 
the  outer  cell  containing  sodium  hydroxide,  sodium  chloride  in 
solution  over  mercury,  and  nickel  wire  in  contact  with  both 
liquids  was  allowed  to  stand  several  days  a  scum  formed  on^ 
the  surface  of  the  mercury.  Upon  shaking  the  liquids  in  the 
separatory  funnel  and  drawing  off  the  mercury  the  remaining 
liquid  appeared  turbid.  Under  the  microscope  transparent 
colorless  crystals  were  easily  seen  mixed  with  air  bubbles. 

To  study  the  conditions  under  which  these  crystals  might  be 
formed  and  to  determine  their  identity,  such  systems  as  com- 
pose the  outer  cell  of  the  electrolytic  apparatus  were  made  and 
allowed  to  stand.  These  consisted  of  Erlenmeyer  beakers  con- 
taining 300  grms.  of  mercury,  sodium  chloride  solutions  of 
different  strengths  and  an  inverted  V-shaped  piece  of  nickel 
wire. 

In  a  day  a  scum  was  visible  on  the  surface  of  the  mercury 
which  accumulated  as  the  systems  stood,  seemingly  more  dense 
in  the  immediate  vicinity  of  the  wire,  and,  after  sereral  weeks 
showed,  increasing  in  distinctness  as  the  time  increased,  the 
familiar  "  apple-green  "  color.  The  nickel  was  corroded.  The 
amount  of  tlie  green  precipitate  increased  faster  when  a  greater 
surface  of  nickel  was  exposed  in  the  salt  solution. 

This  precipitate,  crystalline  under  the  microscope,  when  col- 
lected on  the  filter  and  well  washed  with  water,  gave  tests  for 
nickel  but  none  for  mercury,  chlorine,  or  sodium.  It  turned 
black  upon  ignition.  By  these  characteristics  the  crystalline 
substance  was  identified  as  nickelous  hydroxide. 

Tupputif  has  formed  crystalline  nickel  hydroxide  from 
nickel  carbonate  dissolved  in  ammonia.  Crystals  made  by  the 
hasty  evaporation  of  such  a  solution  appeared  similar  to  those 
obtained  irom  the  mercury-nickel-salt  systems. 

The  solution  over  the  mercury  showed  a  tendency  to  develop 
alkalinity  very  slowly.  In  one  case  a  beaker  with  the  raer- 
curv,  water,  nickel  wire,  and  a  piece  of  red  litmus  paper — 
without  sodium  chloride — stood  24  hours.  The  litmus  paper 
was  still  reddish  and  showed  no  trace  of  blue  or  purple,  but 
upon  adding  a  cubic  centimeter  of  saturated  salt  solution  the 
litmus  was  decidedly  bluish  when  observed  two  hours  later. 

♦This  Journal,  preceding  article, 
t  Gmelin— Kraut,  1910,  Bd.  V,  Abt.  1,  p.  44. 
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Two  days  later  another  piece  of  red  litmus  was  added,  and  this, 
in  three  minutes,  was  blue  on  the  edges.  After  standing 
several  months  a  piece  of  red  litmus  turned  blue  instantly  upon 
introduction  into  the  liquid  over  the  mercury.  It  is  evident 
that  the  amount  of  sodium  hydroxide  produced  in  a  few  days 
is  extremely  small  and  inappreciable  in  analysis. 

In  other  experiments  platinum  wires  were  substituted  for 
nickel.  A  scum  formed  slowly  as  before  and  under  the  micro- 
scope was  found  to  be  composed  of  coarse  white  crystals  with 
numerous  small  globules  of  mercury  between  them.  The  crys- 
tals contained  mercury  and  chlorine,  and  were  very  insoluble 
in  water.  Small  amounts  crystallized  from  boiling  water  had 
the  characteristic  "  silky  "  appearance  of  calomel.  The  crys- 
tals consequently  were  identined  as  raercurous  chloride.  The 
platinum  showed  no  erosion. 

The  liquid  over  the  mercury  showed  the  same  tendency,  in 
about  the  same  degree  as  when  the  nickel  was  present,  to 
develop  alkalinity.  A  few  cubic  centimeters  from  one  of  the 
platinum-mercury-salt  systems  which  had  been  standing  several 
days  developed  only  the  faintest  pink  coloration  with  phenol- 
phthalein. 

Summary, 

From  the  work  described  in  this  paper  it  is  seen  that  when 
a  solution  of  sodium  chloride  is  allowea  to  stand  over  mercury 
with  a  nickel  wire  conneeting  both  lic^uids,  crystalline  nickelous 
hydroxide  is  formed  very  slowly,  sodmm  hydroxide  being  pro- 
duced at  the  same  time.  When  platinum  is  substituted  for 
nickel,  mercurous  chloride  is  formed,"  sodium  hydroxide  being 
likewise  produced. 


Digitized  by 


Google 


388         O,  Hecker — Oravity  Determinations  at  Sea. 


Abt.  XLII. — Remarks  on  the  Paver  hy  L.  A.  Bauer:  "  On 
Oravity  Dtterminations  at  Sea^'*;*  by  O.  Uboker. 

In  the  above  mentioned  paper,  L.  A.  Bauer  is  chiefly  occupied 
in  criticising  my  gravity  determinations  at  sea.  The  stress  of 
work  connected  with  entering  upon  my  new  office  as  director 
of  the  Kaiserliche  Hauptstation  fiir  Erdbebenforschung  at 
Strassburg  in  E.  has  prevented  me  from  sooner  taking  notice 
of  L.  A.  fiauer's  criticism,  which,  as  will  be  seen  in  the  course 
of  the  present  discussion,  can  only  be  considered  as  carelessly 
made  and  mistaken  in  every  way. 

The  opening  pages  of  tne  paper  I  need  not  discuss,  as  they 
contain  things  which  are  generally  known.  I  will  only  men- 
tion that,  as  regards  the  experiments  made  on  the  "  Carnegie" 
with  the  boiling  thermometer,  an  inferior  way  of  reading  the 
thermometer  is  used,  the  thermometers  being  read  with  a  hand- 
lens,  and  not  with  a  telescope,  as  done  by  me.  There  is  no 
doubt  that  in  using  a  hand-lens  parallactic  errors  can  easily 
arise  in  the  reading.  Moreover,  I  wish  to  remark  that  the 
barometer  was  read  by  eye.  In  a  heavy  sea  the  pumping  of 
the  barometer  was  not  less  than  5"".  jBauer  says  then :  "  sev- 
eral settings  were  made,  and  both  the  low  and  high  readings 
were  recorded".  How  this  is  possible,  I  cannot  understand. 
On  the  ocean,  the  period  of  the  pumping  of  the  barometers  is 
about  6-7  seconds;  hence,  within  3  seconds  the  barometer 
must  be  set  and  the  vernier  read;  for  the  positions  which 
follow  each  other  must  be  recorded.  For  me  it  was  quite  im- 
possible, even  when  the  pumping  was  very  small,  to  do  this 
with  sufficient  accuracy. 

I  now  come  to  Bauer's  formula  (5).  He  writes :  "  Hecker's 
final  observation  equation  is  of  the  following  form  : 

He  gives  the  explanation  of  the  meaning  of  the  different 
terms  and  of  i,  he  says  :  "  Ar,  =  constant  which  enters  into  the 
equation  only  for  deep-sea  observations,  say  for  depths  begin- 
nmg  with  about  2000  meters." 

1  am  sorry  to  say,  that  Bauer  must  have  gone  through  my  work 
in  a  very  superficial  way,  or  he  would  not  have  stated  that  my 
observations  were  adjusted  according  to  that  formula.  In  the 
first  place,  during  the  two  cruises  on  the  Atlantic,  the  terras  cr 
and  ds  were  not  used.  Secondly,  on  the  Indian  Ocean,  Ar,  has 
quite  a  different  meaning  from  that  on  the  Atlantic:  it  is  the 

*  This  Journal,  vol.  xxxi,  pp.  1-18,  January,  1911. 
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difference  between  gravity  observed  on  board,  and  gravity 
determined  from  pendulum  observations  at  land  stations, 
where  the  vessel  passed,  reduced  to  the  geographic  position  of 
the  ship.  In  my  second  work,  page  109,  those  places  are 
especially  mentioned.  Thirdly,  during  the  two  cruises  on  the 
Pacific,  the  term  i,  does  not  enter  at  all  into  the  equations,  any 
more  than  does  the  term  e{t — to)',  here  the  changes  propor- 
tional to  the  time  are  determined  by  the  observations  made  in 
the  ports.  Bauer  seems  not  to  have  noticed  that.  As  to  the 
three  last-named  cruises,  a  term  /A  is  introduced,  which  takes 
into  account  the  difference  of  the  period  of  the  upward  and 
downward  movements  of  the  vessel.  That  also  seems  to  have 
been  overlooked  by  him. 

Moreover,  Bauer  claims  that,  according  to  the  adjustment  of 
the  observations  on  one  cruise,  I  must  admit  that  the  local 
anomalies  have  the  character  of  accidental  errors,  and  conse- 
quently that  the  mean  anomaly  of  gravity  on  a  cruise  must 
tneoretically  be  equal  to  zero.  Evidently  this  is  with  him  the 
chief  basis  for  estimating  the  value  of  my  observations.  But 
it  is  incomprehensible  how  he  can  make  such  a  statement, 
which  does  not  at  all  agree  with  the  method  of  my  adjustment. 
As  one  reason  for  its  inaccuracy,  it  may  be  stated  that  account 
has  been  taken  of  the  difference  of  gravity  on  the  deep  sea  and 
on  the  shallow  sea,  relatively  to  land  stations,  when  observations 
of  both  kinds  enter  into  the  equations. 

But  there  is  still  another  reason  why  his  statement  is  errone- 
ous. Every  one  who  reads  Bauer's  remark  must  infer  that  cUl 
the  observations  enter  into  the  equation.  But,  as  is  stated 
quite  clearly  on  page  194  of  my  second  work,  all  the  observer 
tions  made  on  the  deep  sea  have  not  been  taken  into  account 
for  the  adjustment,  but  only  those  made  at  places  whei'e  the 
bottom  of  the  sea  was  of  uniform  depth,  as  shown  by  the 
hydrographic  charts,  that  is,  where  there  were  no  marked  ele- 
vations and  depressions,  in  consequence  of  which  no  important 
anomalies  of  gravity  were  to  be  expected. 

Of  the  62  observations  on  the  cruise  from  Bremerhafen  to 
Melbourne,  for  instance,  16  deep-sea  observations  only  enter 
into  the  equations ;  of  the  44  observations  on  the  cruise  from 
Svdnej  to  San  Francisco,  20  only ;  and  for  the  cruise  from  San 
Irancisco  to  Yokohama,  21  out  of  44  have  been  taken  into 
account  for  the  adjustment. 

The  influence  of  the  movement  of  the  ship  has  been  derived 
from  these  observations,  and  the  influence  thus  determined 
was  taken  into  account  for  all  the  other  observations.  Bauer's 
assertion,  therefore,  is  entirelv  wrong. 

He  seems  surprised  that  I  have  not  reduced  together  the 
observations  made  on  shore  in  Rio  de  Janeiro  and  Lisbon,  and 
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believes  that  the  reduction  of  the  observations  made  at  these 
two  places  is  on  the  whole  without  value.  He  ought,  how- 
ever, to  have  noticed  the  comparison  of  the  corrections  4^  ^or 
the  four  series  of  observations,  proving  that  a  combination  of 
the  observations  made  on  shore  with  those  made  on  board  was 
impossible,  because  the  photographic  barometers  were  greatly 
altered,  having  been  dismounted  for  the  transport  from  ship 
to  land,  and  vice  versa.  I  have,  moreover,  expressly  drawn 
attention  to  this  fact.  Hence  the  observations  made  in  Rio  de 
Janeiro  and  in  Lisbon  could  not  be  reduced  together.  Regard- 
ing the  two  visual  barometers,  the  mean  value  of  the  readings 
was  taken  ;  (in  consequence  of  their  greater  want  of  precision), — 
this  also  cannot  be  taken  into  consideration,  for,  on  my  second 
ciniise,  I  could  not  make  any  observations  with  them.  In  this 
place,  he  also  says,  that  the  terms  with  J,  c,  rf,  of  his  formula 
(6)  as  well  as  Jc^  were  omitted  in  the  adjustment  of  the  observa- 
tions made  on  land,  and  that  they  were  only  taken  into  account 
for  the  adjustment  of  those  made  at  sea.  I  repeat,  that  this  is 
not  so ;  on  these  two  cruises  c  and  d  do  not  enter  into  the  equa- 
tions of  the  observations  made  at  sea. 

As  to  the  differences  resulting  for  the  observations  made  on 
board  ship,  when  the  ship  was  anchored  in  the  harbor,  engines 
at  rest,  and  when  the  ship  was  in  motion,  her  body  being  put 
into  regular  vibrations  through  the  working  of  the  engine,  I 
regard  it  as  proved  that  these  differences  are  a  consequence  of 
the  above-mentioned  different  conditions  under  which  the 
whole  apparatus  works,  and  which  are  typical  for  each  ship, 
depending  upon  her  construction.  (Comp.  p.  169  of  "  Best.  d. 
Schwerkraft  auf  dem  Schwarzen  Meere.") 

Further  on  Bauer  states  that  the  observations  made  on  the 
vessels  at  rest  agree  badly.  This,  of  course,  cannot  be  other- 
wise, for,  as  is  well-known,  highly  damped  barometers,  when 
perfectly  at  rest,  do  not  have  very  accurate  readings. 

I  considered  it  quite  a  matter  of  course,  that  all  the  influ- 
ences coming  into  consideration  on  one  cruise  were  to  be 
derived  independently  from  the  observations  made  on  the  par- 
ticular cruise ;  as  already  stated,  I  had  continually  to  change 
ship,  and,  therefore,  the  instruments  had  to  be  dismounted  and 

{>acked  for  transport.  Sometimes  they  remained  packed  for  a 
ong  time  before  being  put  together  again  for  use.  Consider- 
ing these  circumstances,  it  cannot  be  supposed  that  the  correc- 
tions of  the  barometers  would  remain  constant. 

Further  on  Bauer  asserts  (in  italics):  " The  corrections  for 
Becker's  thermometers  were  never  redetermined  after  they 
had  once  been  furnished,  by  the  German  Physikalische  Reichs- 
anstalt."     This  places  the  matter  in  a  wrong  light. 

The  corrections  for  the  calibration  of  the  boiling  thermome- 
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ters  were  determined  by  the  Pbysikalisch-TechniscJie  Reicbs- 
auetalt  for  three  thermometers  only;  for  the  other  three 
thermometers  I  determined  the  corrections  myself.  With  the 
help  of  these  corrections,  the  corrections  depending  on  the 
height  of  the  thermometer  were  determined,  combining  there- 
with the  total  corrections  given  by  the  Institute  for  several 
points.  After  I  had  returned  from  my  cruise  on  the  Indian 
and  the  Pacific  Oceans,  Mr.  Meissner  undertook  an  entirely 
new  and  most  careful  determination  of  the  errors  of  calibra- 
tion : — small  depressions  of  the  zero  point  are  of  no  conse- 
quence, as  they  give  only  a  constant  difference.  (See  page  83 
of  the  before  mentioned  publication.)  He  obtained  practically 
the  same  results  as  obtained  from  the  previous  investigations. 
That  also  shows  the  great  precision  of  the  two  determinations. 
All  this  is  given  in  my  work. 

Bauer  says  then  (also  in  italics) :  "  The  corrections  for  the 
various  barometers  on  a  standard  barometer  for  various  barome- 
tric heights  were  never  determined." 

This  shows  clearly  that  he  did  not  at  all  understand  the 
method  of  procedure  adopted  by  me,  and  which  was  the  only 
right  one.  This  is  also  shown  by  the  following  remark : 
"  Another  very  important  point  introducing  a  source  of  error 
not  considered  by  Hecker  is  with  regard  to  the  possible  errors 
in  the  vapor-tension  tables  used  to  convert  boiling-point  tem- 
peratures into  corresponding  atmospheric  pressure.'^  He  did 
not  notice  that  I  have  referred  the  corrections  for  the  capacity 
of  the  barometers,  by  a  special  series  of  observations,  to  the 
boiling  thermometers.  This  is  the  reason  why  the  above  men- 
tioned errors  disappear,  and  the  vapor-tension  table  of  Wiebe 
plays  only  the  r61e  of  an  interpolation-formula.  All  this  seems 
to  show  clearly,  that  he  has  not  a  clear  idea  of  the  difficulties 
of  the  determination  of  absolute  barometric  heights. 

We  now  come  to  where  Bauer  speaks  of  the  results  of  my 
observations.  As  a  rule  in  estimating  the  precision  of  obser- 
vations, one  compares  them,  if  possible,  with  observations 
made  with  instruments  affording  greater  precision.  That  is 
quite  self-evident. 

As  to  the  Pacific  Ocean,  which  he  treats  especially,  the  result 
is,  that  the  agreement,  between  the  determinations  of  gravity 
made  on  board  and  those  by  the  pendulum,  can  be  considered 
to  be  satisfactory  within  the  mean  errors.  That  is  the  case  for 
Auckland,  as  it  was  twice  the  case  for  Honolulu.  Two  obser- 
vations made  near  San  Francisco  as  well  as  the  observations 
near  Yokohama  show  also  in  the  mean  the  satisfactory  agree- 
ment with  the  value  of  gravity  deduced  from  the  pendulum 
stations.  Besides,  for  six  places  on  the  Pacific,  at  which 
determinations   of  gravity   were   made   on   each  of  the  two 
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cruises,  there  is  also  an  agreement  comparable  to  the  mean 
error  of  the  observations. 

But  what  does  Bauer  now  do  ?  He  adds  to  my  determina- 
tions the  topographic  and  isostatic  corrections  calculated  by 
Hayford,  and  in  comparing  the  anomalies  with  those  observed 
in  America  or  elsewnere,  he  finds,  that  to  him  they  are  too 
large  I  need  not  waste  words  on  such  an  unscientific  method 
of  procedure.  A  valuation  of  the  magnitude  of  the  anomalies  of 
gravity,  as  one  must  expect  them  on  gigantic  Graben,  such  for 
instance  as  the  Tongadeep,  where  I  observed  a  depth  of  over 
8500  meters,  is  something  which  even  geodesists  have  not 
hitherto  been  able  to  arrive  at.  The  topographic  and  isostatic 
corrections  can  certainly  be  calculated,  but  not  the  anomaly. 
I  should,  however,  like  to  draw  attention  to  a  work  of  E. 
Kohlschiitter,*  well  worth  reading,  and  in  which  he  speaks  of 
the  determinations  of  gravity  that  I  made  in  the  Pacific.  Based 
on  a  study  of  the  determinations  that  I  made,  Kohlschiitter 
arrives  at  quite  a  different  conclusion  about  the  precision  of 
my  observations,  from  that  of  Bauer. 

Bauer  then  speaks  about  the  "Method  to  be  tried  on  the 
Carnegie,"  as  if  this  method  were  quite  a  new  one.  This 
method  seems  to  be  the  same  as  tne  one  I  made  use  of, 
except  that  he  introduces  the  freezing-point  observations;  but, 
although  he  has  no  experience  in  the  matter,  he  thinks  that  by 
means  of  an  instrumental  arrangement  it  niay  be  possible  to 
render  a  series  of  corrections  unnecessary.  He  writes :  "  It  is 
believed  that  equally  good,  if  not  indeed  superior  results  can 
be  obtained  with  less  equipment  than  used  by  Hecker."  He 
is  welcome  to  his  belief,  although  I  am  astonished  at  this 
dictum.  It  would  certainly  have  been  better,  if  he  had  first 
proved  the  reality  of  his  opinion  by  results,  instead  of  giving 
only  his  opinions  ;  for,  as  far  as  I  know,  he  has  made  no  deter- 
minations of  gravity  at  sea  until  now. 

The  reason  why  I  made  no  freezing-point  observations  is 
that  they  would  have  introduced  new  errors  into  the  observa- 
tions ;  for  freezing-point  observations  are  also  subject  to 
errors. 

Bauer  intends  to  make  such  observations  every  week,  or  as 
often  as  necessary,  in  order  that  he  may  immediately  reduce ; 
he  forgets,  however,  the  fact  that  even  if  he  could  deduce  the 
changes  of  the  thermometers  therefrom,  he  gains  nothing  for 
estimating  the  constancy  of  the  barometers,  which  play  an 
equal  part  with  the  boiling  thermometer.  At  the  end  of  his 
paper  he  seems,  however,  to  feel  this. 

*neber  den  Ban  der  Erdkrnste  in  Dentsch-Ostafrika,  Vorlanfige  Mitteilnng, 
Nachrichten  der  k.  Gesellschaft  der  Wissenschafteu  zn  Gdttingen,  Mathe- 
matisch-phyBlkaUsche  Klaase,  1011. 
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To  my  surprise  he  introduces  the  expression  e{t—t^)y  for  the 
change  of  the  instruments  depending  on  time,  into  the  equa- 
tions for  the  adjustment ;  he  even  thinks  that  later  on  perhaps  it 
will  be  necessary  to  introduce  a  quadratic  term.  He  thus  tries 
to  find  a  correction  for  the  relation  between  freezing-point 
determination  and  barometric  correction.  This  of  course 
influences  his  determination  of  the  freezing-point.  I  will  not 
enter  further  into  Bauer's  plans.     I  leave  them  to  the  future. 

The  above  explanations  should  prove  sufliciently,  that  I  was 
justified  in  characterizing  the  criticism,  as  I  did  at  the  begin- 
ning of  these  pages,  as  carelessly  made  and  in  every  way 
mistaken. 


SCIENTIFIC    INTELLIGENCE. 

I.     Chemistry  and  Physics, 

1.  The  Volumetric  Determination  of  Iron  and  Vanadium, — 
MuLLBB  and  Dikffenthalbb  have  found  that  vanadic  acid  is 
readily  reduced  to  V,0^  by  the  action  of  hydrochloric  acid  and 
alcohol,  while  this  reaction  is  difficult  to  complete  by  the  action 
of  hydrochloric  acid  alone.  For  the  analysis  of  ferro-vatiadium 
they  dissolve  1  g.  of  the  substance  in  not  too  much  concentrated 
nitric  acid,  evaporate  off  the  excess  of  acid  and  decompose  the 
nitrates  with  a  little  concentrated  hydrochloric  acid.  Then  they 
add  50*^  of  alcohol  and  20*<*  of  concentrated  hydrochloric  acid 
and  evaporate,  first  over  the  wire-gauze,  with  gentle  boiling,  then 
on  the  steam-bath  to  about  5*^^  The  residue  is  trauHf erred  with 
water  to  a  graduated  flask,  and  an  aliquot  is  taken  for  the  deter- 
mination of  iron,  most  conveniently  by  the  iodometric  method  as 
presented  by  Tread  well  in  his  text-book,  while  the  remainder  of 
the  liquid  is  titrated  for  vanadium  with  l/lO  normal  permanganate, 
after  an  addition  of  manganese  sulphate,  at  ordinary  tempera- 
ture. The  authors  state  that  the  results  are  exact  for  vanadium 
by  this  method,  but  that  while  the  vanadic  acid  may  be  reduced 
by  alcohol  and  sulphuric  acid,  organic  matter  acting  upon  perman- 
ganate is  left  in  the  solution  by  this  means  of  reduction. — Zeitschr. 
Anorg,  Chem,^  Ixxi,  243.        •  h.  l.  w. 

2.  The  Passive  State  of  Metals, — The  fact  that  a  group  of 
metals,  especially  iron,  nickel  and  chromium,  are  capable  of 
assuming  a  passive  state  in  which  they  are  not  attacked  by  cer- 
tain acids,  is  very  well  known,  and  it  has  been  the  subject  of 
much  speculation  and  investigation  since  the  time  when  Faraday 
advanced  the  theory  that  the  passive  state  is  due  to  the  forma- 
tion of  a  protective  film  of  the  oxide  of  the  metal.     Several  other 
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theories  have  been  pat  forward  more  recently  to  explain  the  phe- 
nomenon. Ebnbt  6ba.vb  has  now  made  a  very  elaborate  study 
of  the  subject,  and  comes  to  the  conclusion  that  pure  iron  and 
nickel  are  passive,  and  only  become  active  from  the  presence  of 
hydrogen  ions,  which  act  as  a  catalytic  agent. — Zeitachr,  Physi- 
kal.  Chem.^  Ixxvii,  613.  h.  l.  w. 

3.  Combinations  of  Metallic  Chlorides, — G.  Herrmann  has 
studied  the  results  of  fusing  together  a  large  number  of  pairs  of 
metallic  chlorides,  as  well  as  several  pairs  of  bromides  and  iodides, 
according  to  the  methods  used  in  the  study  of  metallic  alloys. 
The  salts  used  were  PbCI„Cu,Cl„CdCI„FeCl„SnCl„BiCl3  and 
MC1„  as  well  as  PbBr„BiBr,,Cu,Br„CuJ, and  Cdl,.  Asa  result 
he  has  found  no  parallelism  between  the  combinations  of  the  metals 
and  their  salts.  Very  few  compounds  of  the  salts  were  found, 
for  among  IV  binary  mixtures  of  chlorides  there  were  14  that 
formed  no  compound.  The  three  compounds  formed  were  one 
of  PbCl,  and  BiCl,,  the  formula  of  which  was  not  determined, 
the  compound  Cu,Cl,.(FeCI,),  and  also  ((:u,Cl,),CdCl,.— Ze/^^cAr. 
Anorgan,  Chem.y  Ixxi,  257.  h.  l.  w. 

4.  Neu)  Method  for  the  Separation  of  Cerium  from  other 
Earths, — C.  James  and  L.  A  Pratt  have  found  that  potassium 
bromate  effects  this  separation  in  faintly  acid  or  neutral  solutions 
upon  boiling.  To  attain  the  proper  neutralization  of  the  small 
quantity  of  free  nitric  acid  present  in  the  solution,  they  put  in  a 
smooth  lump  of  marble  containing  no  crevices.  Care  is  required 
not  to  boil  too  long,  but  with  proper  precautions,  and  by  repeat- 
ing the  separation,  the  authors  obtained  satisfactory  analytical 
results,  and  found  the  method  serviceable  for  the  preparation  of 
pure  cerium  material. —  Chem,  News,  civ,  61.  h.  l.  w. 

6.  The  Composition  of  the  Atmosphere  after  the  Passage  of 
HaUey^s  Comet. — G.  Claude  has  found  that  the  inert  incondensi- 
ble  gases  of  the  atmosphere  show  an  unchanged  specific  gravity 
of  0'55  since  the  passage  of  Ilalley's  comet,  thus  indicating 
an  unchanged  proportion  of  neon  and  helium  since  that  event. — 
Ann,  Ch,  Phys.^  xx,  673.  h.  l.  w. 

6.  Modem  Science  Reader,  with  Special  Reference  to  Chemis- 
try, edited  by  Robert  Montgomery  Bird.  12mo,  pp.  323. 
New  York,  1911  (The  Macmillan  Company). — This  is  a  collec- 
tion of  popular  essays  and  addresses  gathered  from  various  maga- 
zines, journals,  and  encyclopedias.  There  are  27  of  these 
articles,  most  of  them  written  by  eminent  authors  on  important 
and  interesting  subjects.  Some  of  the  topics  are  The  Diamond, 
Waste  Products,  Explosives,  Artificial  Silk,  Steel,  Commercial 
Oxygen,  Plant-growth  and  Decay,  Coal,  Coal-tar  Dyes,  Artificial 
Perfumes,  Glass,  Electro-chemistry,  Yeast,  Old  and  New  Alchemy, 
Radioactivity,  Electronic  Theory  of  Matter  and  Ether  of  Space, 

The  book  is  well  suited  for  giving  the  general  reader  an  idea 
of  the  recent  views  and  achievements  in  chemistry,  and  it  is  a  very 
suitable  work  to  place  in  the  hands  of  the  chemical  student  for 
the  purpose  of  arousing  his  interest  and  enthusiasm.      h.  l.  w. 
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Y.  Volumetric  Analyais^  by  Francis  Sutton.  Tenth  edition. 
8vo,  pp.  621.  Philadelphia,  1911  (P.  Blakiston's  Son  &  Co.).— 
This  work,  being  one  of  the  best-known  and  most  valued  hand- 
books of  analytical  chemistry,  requires  no  comments  except  in 
regard  to  the  appearance  of  a  new  edition.  The  author  states 
that  at  the  age  of  fourscore  be  has  found  himself  less  and  less 
equal  to  the  task  of  revision,  but  is  looking  forward  already  to 
the  appearance  of  a  Jubilee  edition,  when  50  years  shall  have 
elapsed  since  the  first  appearance  of  his  work  in  1863.  The 
preparation  of  the  present  edition  has  been  placed  in  the  hands 
of  the  author's  son,  W.  Lincoln  Sutton,  and  of  Alfred  E.  Johnson. 
The  revision  appears  to  have  been  very  thoroughly  and  well  done. 
A  good  deal  of  obsolete  matter  has  been  deleted,  the  subject  mat- 
ter has  been  well  brought  up  to  date,  and  many  other  improve- 
ments have  been  made  in  the  book.  h.  l.  w. 

8.  Principles  of  Physics ;  by  W.  P.  Maoie.  Pp.  ix,  570; 
281  figures.  New  York,  1011  (The  Century  Co.).— The  novelty 
of  this  book  consists  chiefly  in  the  exposition  of  the  subject 
according  to  its  historical  development.  In  his  preface,  the 
author  says  : — "  The  use  of  the  historical  outline  accounts  for 
what  is  nowadays  the  unusual  order  followed  in  the  presentation 
of  some  of  the  subjects."  **  It  leads  to  a  much  fuller  discussion 
of  statics  than  is  generally  given,  and  to  other  peculiar  features 
of  the  treatment,  such  as  the  use  of  the  statical  measure  of  force^ 
the  belated  introduction. of  the  relations  of  heat  to  energy,  the 
use  of  the  method  of  rays  in  geometrical  optics,  and  to  other 
minor  divergences  from  common  practice." 

The  principles  discussed  are  clearly  illustrated  by  examples 
which  are  completely  solved  and  which  are  collected  in  groups  at 
appropriate  iniervals.  When  the  formal  demonstration  of  a 
theorem  is  of  much  less  importance  to  the  student  than  the 
theorem  itself,  the  proof  is  given  in  fine  print.  The  figures  are 
clear,  line  diagrams.  The  calculus  is  not  used,  but  a  thorough 
knowledge  of  plane  trigonometry  is  presupposed.  The  work  is  up 
to  date  and  relatively  complete,  as  may  be  inferred  from  the  fact 
that  such  subjects  as  Brownian  movements,  pressure  of  light,  dis- 
charge of  electricity  through  gases,  radioactivity,  etc.,  are 
presented.  The  text  proper  is  followed  by  a  list  of  254  examples 
with  their  numerical  answers  and  also  by  tables  of  physical  con- 
stants. 

Since  this  book  differs  so  markedly  from  the  majority  of  recent 
texts  of  the  same  degree  of  advancement,  it  is  a  matter  of  import- 
ance pedagogical ly  to  observe  what  success  the  text  meets  with 
in  the  hands  of  teachers  other  than  the  author.  Also,  the 
volume  should  be  of  much  assistance  to  many  instructors  them- 
selves because  the  point  of  view  of  the  author  is  especially  con- 
ducive to  acquiring  a  good  perspective  of  the  entire  field. 

H.  s.  JS, 

0.  Direct  and  Alternating  Current  Manual^  Second  Edition^ 
with  Directions  for  Testing  and  a  Discussion  of  the  Theory  of 
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Electrical  Apparatus  ;  by  Fbed brick  Bedell,  assisted  by  C.  A. 
Pierce.  Pp.  xiii,  360.  New  York,  1911  (D.  Van  Nostrand 
Co.).— The  first  edition  jof  the  present  work  (see  this  Journal, 
vol.  xxix,  page  83)  was  issued  under  the  title  "  Direct  and 
Alternating  Current  Testivg,^^  The  second  edition  avoids  cer- 
tain omissions  made  in  the  first  and  includes  discussions  of  induc- 
tion motors  and  generators,  synchronous  motors  and  converters, 
and  wave  analysis.  Chapter  XI,  on  wave  analysis,  is  very  con- 
cise and  ends  with  two  appendices  dealing  with  the  origin,  proof 
and  use  of  Runge's  method  of  analysis.  ^'In  a  restricted  sense 
the  book  is  now  complete."  h.  s.  tr. 

10.  Applied  Electrochemistry;  by  M.  de  Kay  Thompson. 
Pp.  xii,  329;  137  figures.  New  York,  1911  (The  Macmillan  Co.). 
— This  is  the  first  English  text-book  in  which  an  attempt  has  been 
made  to  cover  the  whole  field  of  electro-chemistry.  Consequently 
it  seems  desirable  to  quote  the  headings  of  the  chapters  in  order 
to  give  an  idea  of  the  scope  of  the  work  in  as  concise  a  manner 
as  possible.  The  titles  are:— "I,  Couiometers  or  Voltameters  ; 
II,  Electrochemical  Analysis  ;  III,  Electroplating,  Electrotyping, 
and  the  Produciion  of  Metallic  Objects  ;  IV,  Electrolytic  Win- 
ning and  Refining  of  Metals  in  Aqueous  Solutions  ;  V,  Elec- 
trolytic Reduction  and  Oxidation  ;  VI,  Electrolvsis  of  Alkali 
Chlorides  ;  VII,  The  Electrolysis  of  Water;  VIII,  Primary  Cells; 
IX,  The  Lead  Storage  Battery  ;  X,  The  Edison  Storage  Batiery  ; 
XI,  The  Electric  Furnace  ;  XII,  Products  of  the  Resistance  and 
Arc  Furnace  ;  XIII,  The  Electrometallurgy  of  Iron  and  Steel  ; 
XIV,  The  Fixation  of  Atmospheric  Nitrogen  ;  XV,  The  Produc- 
tion of  Ozone." 

The  plan  adopted  in  this  book  has  been  to  discuss  each 
subject  from  the  theoretical  and  from  the  technical  point  of  view- 
separately.  In  the  former  part  a  knowledge  of  theoretical 
chemistry  is  assumed.  Numerous  references  to  English,  French, 
and  German  scientific  journals  are  given  so  that  the  volume 
should  be  useful  as  a  reference  book  as  well  as  a  text.  A  pleas- 
ing feature  of  the  work  is  afforded  by  the  full-page  reproductions 
of  photographs  of  the  interiors  of  manufacturing  plants,  of  elec- 
tric furnaces,  etc.  In  addition  to  the  tables  of  electrochemical 
dnta,  the  appendix  also  contains  full  details  of  the  legal  electrical 
units.  H.  s.  cj. 

11.  Der  electriache  Lichtbogen ;  by  Hermann  Th.  Simon. 
Pp.  62,  31  figures,  1  plate.  Leipzig,  19 11  (S.  Ilirzel).— This  little 
book  is  a  formal  account  of  an  experimental  lecture  de]iven'<]  in 
January,  1911,  before  the  Scientific  Society  of  Berlin.  The 
material  is  presented  in  a  very  interesting  and  semi-popular 
manner.  Twenty-two  demonstration  experiments  are  explained 
in  fine  print.  The  colored  plate,  representing  the  appearance  of 
an  arc  between  carbon  electrodes,  is  the  best  picture  of  the 
subject  which  the  writer  of  this  notice  has  seen.  h.  s.  u. 
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11.     Geology  and  Minekalooy. 

1.  Noie%  on  the  Geology  of  the  Gulf  of  St.  Lawrence;  by 
J.  M.  Clarke.  Bull.  149,  N.  Y.  State  Museum,  pp.  121-133, 
1911. — The  author  during  his  annual  summer  vacations  along 
the  southwestern  shores  of  the  Gulf  of  St.. Lawrence  continues  to 
interest  himself  in  the  local  geology.     In  this  paper  he  discusses: 

(1)  the  relations  of  the  Paleozoic  terranes  in  the  vicinity  of  Perc6; 

(2)  eruptive  contacts  in  the  marine  Devonian  Dalhousie  beds  at 
Dalhousie,  New  Brunswick,  concluding  that  they  are  contempora- 
neous lavas,  tuffs,  and  ash  beds,  a  determination  which  therefore 
fixes  the  time  of  these  widely  spread  ejections  as  of  the  age  of  the 
Lower  Devonian  ;  (3)  the  stratigraphy  of  the  Devonian  fish  beds  of 
Scaumenac,  Quebec  ;  and  (4)  history  of  the  lead  mines  of  Gasp6 
basin.  The  author  states :  ^^  It  is  a  singular  illustration  of  the 
undying  persistence  of  legend  in  the  face  of  well-established  fact 
that  a  forlorn  hope  early  dismantled  should  have  revived  and  been 
persistently  pursued  for  well  nigh  2/>0  years."  c.  8. 

2.  Observations  on  the  Magdalen  Islands^  by  J.  M.  Clabke  ; 
and  The  Carbonic  Fauna  of  the  Magdalen  Islands^  by  J.  W. 
Bekde.  Bull.  149,  N.  Y.  State  Museum,  pp.  1-50,  1911. — 
In  this  work  are  described  the  history,  topography,  geology,  and 
paleontology  of  the  Magdalen  Islands.  The  lowest  rocks  are  of 
the  Windsor  series,  regarded  by  Beede  as  of  Kinderhook  age. 
These  rocks  are  overlain  by  a  series  of  red  shales  and  sandstones 
devoid  of  marine  fossils  and  are  probably  of  continental  origin. 
They  are  correlated  with  the  red  beds  of  Prince  Edward  Island, 
which  have  yielded  bones  of  a  pelycosaurian  reptile  and  are 
sometimes  regarded  as  of  Permian  age. 

The  paper  is  well  illustrated  and  is  written  in  Doctor  Clarke's 
interesting  style.  The  Windsor  series  here  has  yielded  a  fauna 
of  65  Mpecies,  of  which  at  least  17  forms  also  occur  in  Nova 
Scotia.  c.  s. 

3.  Some  New  American  Fossil  Crinoids;  by  Frank  Spbingeb. 
Mem.  Mus.  Comp.  Zool.,  25,  pp.  117-161,  pis.  1-6,  1911.— The 
author  here  revises  the  families  Gasterocomidae  and  PoteriocrinidsB 
and  as  well  their  genera,  of  which  there  are  26,  one,  Sehultzir.ri?iuSy 
being  new.  Dimerocrinus  is  redefined,  and  a  new  American  spe- 
cies of  Marsupites  is  described.    Of  species  described  there  are  TJ. 

Much  study  has  been  given  to  the  mode  of  articulation  of  the 
arms,  that  is,  the  nature  of  the  radial  facets.  Among  crinoids 
there  are  at  least  four  kinds  of  articular  surfaces  typified  by  (1) 
PoteriocrinidfiB,  (2)  Forbesiocrinus,  (3)  Cyathocrinidae,  and  (4) 
Camerate  crinoids.  c.  s. 

4.  Middle  Cambrian  Annelids;  by  Charles  D.  Walcott. 
Smithsonian  Misc.  Col.,  57,  No.  5,  pp^  109-144,  pis.  18-23,  1911. 
—The  Burgess  shale  of  British  Columbia  yields  remarkably  ])er- 
fect  fossils  and  in  this  paper  Doctor  Walcott  describes  one  new 
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order,  seven  new  families,  twelve  new  genera  and  twenty  ne^w 
species  of  annelids,  the  fossils  revealing  more  or  less  of  the  entire 
form  of  the  animals.     This  is  a  most  remarkable  preservation,  the 
like  of  which  is  unknown  in  any  other  deposit.     The  animals  varv 
in  length  from  3/8  inch  (10""°^)  up  to  more  than  10  inches  (26*^°*). 
The  class  Chaetognatha  is  represented  by  Amiskwia  (I  species); 
the  Polychaeta  by  Miskoia  (1),  Ayaheaia  (1),  Canadia  (ft),  Sel- 
kirkia  (3),    Wiwaxia  (1),  Pollingeria  (I),  and    Worthenella  (1); 
the  Gephyrea  by  Ottoia  (3),  Banffia  (1),  Pikaia  (1),  and  Oesict 
(1).     There  is  also  an  illustration  of  Hyolithes  with  parts  of  the 
animal  that  suggest  pteropod  fins. 

This  discovery  *^  opens  up  a  new  point  of  view  on  the  develop- 
ment of  the  Annulata.  The  fact  that  from  one  very  limited 
locality  there  have  been  collected  eleven  genera  belonging  to 
widely  separated  families  points  clearly  to  the  conclusion  that  the 
fundamental  characters  of  alt  the  classes  had  been  developed 
prior  to  Middle  Cambrian  time.  No  examples  of  the  Class  Hiru- 
dinea  have  been  recognized,  but  the  segmentation  of  the  Chaeto- 
poda  is  present  in  Ottoia  and  Banffiay  annelids  which  otherwise 
are  true  Gephyreans.  To  a  certain  extent  these  two  genera 
serve  to  link  the  Chaetopoda  and  Hirudinea. 

"  I  should  not  be  at  all  surprised  to  find  representatives  of  the 
Archi-Annelida  in  the  Burgess  shale."  c.  s. 

6.  The  extent  of  the  Anderdon  beds  of  Essex  county^  Ontario, 
and  their  place  in  the  geologic  column;  by  Rev.  Thomas  Nattbess. 
Thirteenth  Rept.  of  the  Michigan  Academy  of  Science,  pp.  87-96, 
1911. — This  paper  presents  conclusive  evidence  that  the  Ander- 
don and  Amherstburg  limestones  are  not  Silurian  in  age  and  can- 
not be  included  in  the  Monroe  series,  but  "are  of  Devonian  age." 
The  Anderdon  limestone  lies  in  a  trough  of  Monroe  strata,  and  is 
to  be  grouped  with  the  Onondaga  formation  of  Middle  Devonian 
time.  c.  8. 

6.  Co7\ne€tici(t  Geological  and  Natural  History  Survey, 
Volttme  Illy  Bulletins  13-15. — ^This  third  volume  of  the  Con- 
necticut State  Survey  contains  Bulletins  13,  14,  and  15,  all  issued 
previously  in  separate  form  and  noticed  in  earlier  numbers  of 
this  Journal.  Bulletin  13  is  on  the  Lithology  of  Connecticut  ; 
Bulletin  14  gives  a  Catalogue  of  the  Flowering  Plants  and  Ferns 
of  Conneetiout  ;  Bulletin  15  is  a  second  report  on  the  Hymeniales 
of  Connecticut. 

Bulletin  16,  now  published,  is  a  Guide  to  the  Insects  of  Con- 
necticut, prepared  under  the  direction  of  W.  E.  Britton.  Pp.  169, 
66  figures,  8  plates.  Part  I  by  Dr.  Britton  is  given  to  a  general 
Introduction,  and  Part  II  by  B.  H.  Walden  gives  a  list  of  the 
Euplexoptera  and  Orthoptera  of  Connecticut. 

7.  The  Production  of  Gevis  and  Precious  Stones  in  1910 ; 
Douglas  B.  Stekrett. — This  advance  chapter  from  the  Mineral 
Resources  of  the  United  States  in  1910  has  recently  been  issued. 
A  summary  of  the  chief  points  of  interest  is  contained  in  the  fol- 
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lowing  paragraphs  from  the  introd action  :  "  There  was  a  decrease 
in  the  production  of  precious  stones  in  the  United  States  during 
1910,  though  the  output  of  such  matrix  gems  as  turquoise  and 
variscite  was  still  large.  Nearly  8^  tons  of  rough  turquoise  were 
produced  in  1910,  as  compared  with  more  than  17  tons  in  1909,> 
and  more  than  2^  Ions  of  rough  variscite,  as  compared  with  3^ 
tons  in  the  preceding  year.  New  deposits  of  both  these  minerals 
were  found  in  Nevada  and  a  very  promising  deposit  of  variscite 
was  developed  near  Lucin,  Utah.  New  deposits  of  calif ornite 
were  discovered  in  California,  and  a  white  garnet  scarcely  to  be 
distinguished  from  the  white  vesnvianite  variety  of  californite 
was  found  in  quantity  in  Siskiyou  County,  Cal.  This  mineral  is 
with  diflSculty  distinguished  from  white  jade,  for  which  it  could 
well  be  substituted. 

The  output  of  tourmaline  was  considerably  less  in  1910  than  in 
1909,  but  a  new  deposit  of  fine  gems  and  specimens  of  tourmaline 
was  opened  in  Maine.  The  aquamarine  deposit  on  Mount  Antero, 
Colo.,  yielded  a  quantity  of  good  gem  material  along  with  crys- 
tals of  associated  minerals,  as  phenacite,  colorless  and  smoky 
quartz,  etc.  The  development  of  the  new  emerald  prospect  in 
North  Carolina  was  limited  and  met  with  only  partial  success. 
More  recent  work  during  1911  has  resulted  in  finds  of  better 
promise.  The  presence  of  valuable  gem  material  has  been  proved, 
but  the  quantity  of  gems  to  be  expected  from  the  vein  is  still  a 
matter  of  doubt.  Further  prospecting  and  dredge  mining  for  the 
variegated  sapphires  of  Montana  were  carried  on,  but  the  princi- 
pal value  of  the  sapphire  production  came,  as  usual,  from  the 
deposits  of  blue  sapphire  in  Fergus  County." 

8.  T?ie  Cryatallme  Symmetry  of  the  Diamond, — The  true 
symmetry  of  the  diamond  has  often  been  questioned,  and  some 
authors  have  been  inclined  to  refer  it  to  a  class  of  low  symmetry, 
that  of  the  tetrahedrite  type.  A  monograph  on  this  subject  has 
recently  been  published  by  A.  L.  W.  E.  van  dkb  Vken  as  an 
inaugural  dissertation  at  the  University  of  Delft.  The  author 
has  investigated  the  subject  from  the  physical  as  well  ascrystallo- 
graphic  side,  basing  his  observations  particularly  on  the  Molen- 
graaff  collection.  His  conclusion  is  stated  with  much  confidence 
that  the  species  really  belongs  to  the  holosymmetric  class,  the 
hexoctahedrMl  class  of  Groth, 

9.  Hock  Minerals:  77ieir  C/iemical  and  Physical  Characters 
and  their  Determination  in  Thin  Sections /  by  J.  P.  Iddings. 
Second  Edition,  revised  and  enlarged.  Pp.  617.  New  York,  1911 
(John  Wiley  &  Sons). — The  first  edition  of  this  valuable  book  was 
published  in  1906  and  numbered  548  pages.  The  present  edition 
has  been  enlarged  to  617  pages,  chiefly  through  the  addition  of 
the  descriptions  of  more  than  sixty  rarer  species  which  were 
not  included  in  the  earlier  edition.  The  optical  tables  at 
the  end  of  the  book  have  been  somewhat  enlarged  and  a  bire- 
fringence diagram  added.  w.  e.  f. 
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III.     M18CELLANKOU8   Scientific   Intelligence. 

1.  Langley  Memoir  of  Mechanical  Flight  Part  I,  1887  to 
1896  ;  by  Samuel  Pierpont  Langley,  edited  by  Chables  M. 
Manly.  Part  II,  1897  to  1903  ;  by  Charles  M.  Manly.  (Pub- 
lication 1948.)  Pp.  X,  3J0,  with  101  platt^s.  Washington,  1911. 
Smithsonian  Contributions  to  Knowledge,  volume  27,  number 
3. — Now  that  practical  aviation  has  been  developed  so  far  and  a 
degree  of  success  attained  which  even  the  most  sanguine  could 
not  have  predicted  ten  or  fifteen  years  ago,  it  is  very  interesting 
to  look  back  and  follow  the  series  of  carefully  conducted  scien- 
tific investigations,  whose  results  were  essential  in  the  recent 
development  of  the  practical  hide  of  the  subject.  The  experi- 
ments by  Professor  Langley  in  mechanical  flight  are  well  known, 
but  as  they  stopped  just  short  of  the  full  success  which  would 
probably  have  come  to  them  had  the  author  lived  to  carry  them 
further,  especially  with  the  aid  of  the  perfected  gasolene  "motor, 
it  may  not  be  generally  appreciated  how  thorough  and  exhaus- 
tive his  work  was.  Earlier  publications  on  "  Experiments  in  Aero- 
dynamics" and  "The  Internal  Work  of  the  Wind"  were  printed 
in  1891  and  1893,  as  parts  of  volume  27  of  the  Smithsonian  Con- 
tributions. The  present  memoir  was  in  course  of  preparation  at 
the  time  of  the  author's  death  in  1906.  At  that  time,  part  I  (pp. 
1-122,  plates  1-31)  had  been  practically  completed  by  him.  This 
part  describes  experiments  made  between  1887  and  1896,  and  dis- 
cusses the  various  forms  of  available  motors,  and  the  history  of 
the  construction  and  use  of  various  aerodromes,  as  the  flying 
machine  was  named  by  hira  in  1893.  In  the  final  preparation  of 
the  manuscript  for  the  press,  Mr.  Charles  M.  Manly,  assistant  in 
charge  of  experiments,  has  acted  as  editor. 

The  second  part  of  the  volume  describes  experiments  made 
betwen  1897  and  1903,  and  has  been  prepared  by  Mr.  Manly.  It 
describes  the  later  experiments  with  the  original  models  as  well  as 
with  new  models,  and  also  the  construction  of  the  larger  machine. 
Although  this  last  did  not  have  full  success,  and  the  experiments 
closed  in  December,  1903,  it  is  to  be  noted  that  a  machine  of 
essentially  the  same  type  was  employed  for  a  flight  of  nearly  500 
feet  by  a  French  aviator  in  August,  1907.  It  is  stated  that  the 
third  part  of  the  present  memoir  will  be  publislied  later,  giving 
technical  data  and  tests  of  various  types  of  curved  surfaces,  pro- 
pellers, and  other  apparatus.  The  editor  of  this  volume  closes 
his  prefaces  with  the  following  paragraphs,  which  should  be  read 
by  all  desirous  of  forming  a  correct  estimate  as  to  the  importance 
of  Professor  Langley's  long-continued  experiments  : 

"  To  such  men  as  Mr.  Langley  an  unsuccessful  experiment  is 
not  a  failure  but  a  means  of  instruction,  a  necessary  and  often  an 
invaluable  stepping-stone  to  the  desired  end.  The  trials  of  the 
large  aerodrome  in  the  autumn  of  1903,  to  which  the  curiosity  of 
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the  public  and  the  sensationalism  of  the  newspapers  gave  a  char- 
acter of  finality  never  desired  by  Mr.  Langley,  were  to  him  merely 
members  of  a  long  series  of  experiments,  as  much  so  as  any  trial 
of  one  of  the  small  aerodromes  or  even  of  one  of  the  earliest 
rubber-driven  models.  Had  his  health  and  strength  been  spared, 
he  would  have  gone  on  with  his  experiments  undiscouraged  by 
these  accidents  in  launching  and  undeterred  by  criticism  and  mis- 
understanding. 

"Moreover,  it  is  to  be  borne  in  mind  that  Mr.  Langley's  con- 
tribution to  the  solution  of  the  problem  is  not  to  be  measured 
solely  by  what  he  himself  accomplished,  important  as  that  is. 
He  began  his  investigations  at  a  time  when  not  only  the  general 
public  but  even  the  most  progressive  men  of  science  thought  of 
mechanical  flight  only  as  a  subject  for  ridicule,  and  both  by  his 
epoch-making  investigations  in  aerodynamics  and  by  his  own 
devotion  to  the  subject  of  flight  itself  he  helped  to  transform 
into  a  field  of  scientific  inquiry  what  had  before  been  almost 
entirely  in  the  possession  of  visionaries." 

2.  A  IVeatise  on  Hydraulics;  by  Hectob  J.  Hughes,  Assist- 
ant Professor  of  Civil  Engineering,  Harvard  University,  and 
Abthur  T.  Safpord,  Consulting  Hydraulic  Engineer.  Pp.  xiv, 
505  with  177  figures  and  5  plates.  New  York,  1911  (The  Mac- 
millan  Company). — ^This  treatise  is  a  refreshing  contrast  to  some 
engineering  books  which  have  found  publishers  in  this  country 
in  recent  years.  There  is  no  novelty  in  the  contents,  for  the  portion 
of  the  field  covered  is  that  usually  found  in  elementary  treatises. 
But  in  its  clear  style,  logical  treatment,  orderly  arrangement,  and 
full  presentation  of  the  latest  and  best  researches  in  hvdraulics,  the 
book  is  in  many  ways  a  model  one.  Chapters  I-IV  treat  of 
hydrostatics,  covering  the  usual  topics  of  fluid  pressure  and 
equilibrium  of  floating  bodies.  Chapter  V  is  a  useful  summary 
of  the  principles  of  hydromechanics.  Chapters  VI,  VII,  VIII 
treat  of  the  measurement  of  flow  of  water  by  various  forms  of 
meters.  The  space  given  to  applications  of  the  Pitot  tube  is  an 
indication  of  its  growing  importance.  The  chapters  on  orifices, 
nozzles  and  weirs  follow  in  the  order  named.  The  chapter  on 
flow  in  pipes  is  marked  by  fullness  of  re<erence  to  original  data. 
This  is  a  difificult  subject,  and  if  confusing  to  the  student,  it  is 
so  because  of  the  unsatisfactory  state  of  the  experimental  data. 
The  chapters  on  hydraulic  motors  form  a  good  introduction  to 
that  subject. 

A  feature  of  the  book  is  a  collection  of  problems  at  the  end  of 
each  chapter.  There  arc  tables,  including  logarithms,  squares, 
square  roots,  cubes,  cube  roots,  areas  and  circumferences  of  cir- 
cles, also  logarithmic  diagrams  for  several  hydraulic  formulas. 
The  tables  will  be  useful  in  solving  the  problems  in  the  book.  In 
view  of  the  convenience  of  the  slide  for  hydraulic  calculations 
the  omission  of  reference  to  it  is  surprising.     E.  H.  Lockwood. 

3.  Pure  Foods — Their  Adulteration,  Nutritive  Value  and 
Cost;  by  John  C.  Olsen,  A.M.,  Ph.D.  Pp.  210.  Boston,  1911 
(Ginn  and  Company). — This  is  a  useful  little  book  adapted  to 
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meet  the  demand  for  accurate  information  in  the^^e  days  of  active 
agitation  and  reform,  when  the  real  distinctions  between  the  pure 
and  wholesome,  adulterated  and  injurious  products  are  by  no 
means  apparent.  It  is  intended  for  individuals  such  as  teachers 
aud  the  thinking  public,  rather  than  for  the  technical  chemist. 
Many  will  be  surprised  to  learn  that  '*  a  food  is  pure  if  it  has 
been  in  common  use  for  a  long  time"  (p.  19).  In  addition  to  a 
review  of  the  general  composition  and  characteristic  of  food 
materials,  the  book  deals  with  the  sources,  manufacture,  and  uses 
of  some  of  the  more  common  foods,  together  with  current  prac* 
tices  in  the  way  of  preservation  and  sophistication.  Directions 
for  selected  illustrative  experiments  are  appended.  l.  b.  m. 

4.  Physikalische  Chemie  der  Zelle  und  der  Oewebe ;  von 
Professor  Dr.  Rudolf  IIober,  Privatdozent  der  Physiologic  an 
der  Universitat  Kiel.  Dritte,  neubearbeitete  Auflage,  mit  65 
Textfiguren.  Pp.671.  Leipzig,  1911  (Wilhelm Engelmann).— The 
expansion  of  this  standard  reference  work  from  a  volume  of  460 
pages  in  the  edition  of  1906  to  its  present  size  in  1911,  indicates 
the  great  strides  which  have  characterized  the  recent  applications 
of  physico-chemical  methods  and  points  of  view  to  the  elucida- 
tion or  biological  problems.  The  text  has  been  enriched  by  exten- 
sive additions  on  the  subject  of  colloids  and  absorption  phenomena, 
the  study  of  which  has  been  so  vigorously  prosecuted  of  late. 
The  r61e  of  lipoids,  especially  in  relation  to  the  permeability  of 
cells,  is  extensively  and  critically  reviewed.  To  the  physiologist 
the  newer  interpretations  of  secretory  phenomena  are  of  special 
interest.  As  in  earlier  editions,  several  chapters  are  devoted  to 
the  more  familiar  facts  and  deductions  of  physical  chemistry, 
such  as  osmotic  pressures,  the  theory  of  solutions,  and  equilibrium 
reactions.  l.  b.  m. 

6.  Guide  to  the  .Exhibition  in  the  British  Museum  of  Natu- 
ral History  of  AnimalSy  Plants^  and  Minerals  mentioned  in  the 
Bible.  Pp.  74,  with  7  figures.  London,  1911.  (British  Museum 
of  Natural  History.  Special  Guide,  No.  6.) — The  task  of  identi- 
fying the  various  natural  history  objects  and  minerals  mentioned 
in  the  Bible  is  difficult  and  yet  one  of  very  general  interest. 
The  pamphlet  here  issued  by  Dr.  Fletcher  of  the  British  Museum 
takes  up  this  subject  and  deals  with  the  various  topics  with  care 
and  thoroughness ;  it  is  based  upon  a  collection  now  placed  on 
exhibition  in  the  Museum.  The  animals  have  been  selected  and 
arranged  by  Mr.  R.  Lydekker,  the  minerals  by  Dr.  G.  F.  Herbert 
Smith,  and  the  plants  by  Dr.  A.  B.  Rendle.  Many  people  will 
be  interested  in  the  facts  here  presented,  and  not  the  least  in 
those  relating  to  the  somewhat  vaguely  characterized  minerals 
referred  to  in  the  Book  of  Revelations. 

Obituary. 

Thb  Rkv.  F.  J.  Jebvis-Smith,  F.R.S.,  died  on  August  23  at 
the  age  of  sixty-three  years.  He  did  much  important  work  in 
designing  and  constructing  instruments  of  delicacy  and  precision. 

M.  PiEBRE  Emilb  Levassent,  the  French  geographer,  died 
recently  at  the  age  of  eighty-two  years. 
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84:  Eighth  Mineral  List:  A  descriptive  list  of  new  arrivals, 
rare  and  showy  minerals. 

85 :  Minerals  for  Sale  by  Weight:  Price  list  of  minerals  for 
blowpipe  and  laboratory  work. 

86:  Minerals  and  Rocks  for  'Working  Collections:  List  of 
common  minerals  and  rocks  for  study  specimens;  prices 
from  I  ^  cents  up. 

Catalogue  26:  Biological  Supplies:  New  illustrated  price  list 
of  material  for  dissection ;  study  and  display  specimens ; 
special  dissections ;    models,  etc.     Sixth  edition. 

Any  or  all  of  the  above  lists  will  be  sent  free  on  request.  We  are 
constantly  acquiring  new  material  and  publishing  new  lists.  It  pays  to 
be  on  our  mailing  list. 
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URAL  MOUNTAINS. 


It  is  a  nnmber  of  years  since  any  dealer  in  America  has  had  such  a  collection 
of  minerals  and  gem  crystals  as  I  have  jost  received.  On  account  of  lack  of 
space  I  cannot  give  an  extensive  description,  bat  will  state  that  the  collec- 
tion consists  of  rare  minerals,  gem  crystals  and  nnmerons  polished  speci- 
mens. Also  included  in  this  consignment  is  a  large  quantity  of  massive,  j^em 
quality  malachite,  suitable  for  cutting,  and  also  polished  specimens. 

In  the  same  shipment  I  received  a  large  assortment  of  malachite,  rhodo- 
nite, jasper  and  rare  marble  boxes.  Also  dishes,  trays,  cups  and  numerous 
other  ornaments  of  all  the  well  known  stones  found  at  this  celebrated 
locality.  Also  a  unique  collection  of  ornaments  representing  peasant  art  of 
this  region  in  wood,  iron,  jasper,  quartz  and  jade. 


I  take  pleasure  in  announcing  that  the  large  collection  of  minerals  recently- 
received  has  been  thoroughly  gone  over  and  properly  labelled  and  is  now 
ready  for  sale.  This  collection  consists  of  over  5,000  specimens  of  excellent 
quality,  some  of  them  from  old  finds,  and  almost  all  very  well  crystallized. 
Let  me  know  what  you  desire  and  I  shall  be  pleased  to  send  you  a  selection 
on  approval,  prepaid. 

INTERESTING  QUARTZ  CRYSTALS  FROM  A  NEW  FIND. 

I  have  just  received  several  hundred  quartz  crystals  from  a  new  find  at 
Albuquerque,  New  Mexico.  These  crystals  are  of  a  rose  color,  unique  in 
form,  most  look  like  cubes  and  are  very  sharp.  Prices  from  10  cents  to  25 
cents  each.  No  collector  should  be  without  a  series  of  these  interesting 
crystals. 

ARE  YOU  INTERESTED  IN  GEMS? 

If  so,  you  will  find  my  stock  now  richer  than  ever  before  in  beautifnl 
examples  suitable  both  for  jewelry  and  specimens.  Among  the  reconstructed 
gems  in  my  stock,  all  of  which  are  of  the  finest  quality,  I  will  mention  the 
following :  Rubies,  blue,  pink,  white  and  yellow  sapphire ;  and  an  unusually 
large  stock  of  common  and  rare  Semi-Precious  and  Precious  Stones,  both 
cut  and  in  the  rough.  I  am  able  to  supply  any  gem  desired,  in  best  quality 
and  all  sizes. 


Any  of  the  above  which  may  be  desired  for  selection  I  shall,  be  glad  to 
send  on  approval  to  patrons  and  customers.  Information  and  prices  of  indi- 
vidual specimens  cheerfully  furnished  upon  request. 


A.  H.  PETEREIT, 

81—83  Fulton  Street,  New  York  City. 
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Art.  XLIII. — On  the  Emisnon  of  Electrons  by  MetaU  under 
the  Influence  of  Alpha  Rays  ;  by  H.  A.  Bumstead. 

It  was  observed  by  Bragg  and  Kleeman*  that  when  a  thin 
sheet  of  a  metal,  such  as  golcl,  was  interposed  in  the  path  of  a 
pencil  of  a-rays,  the  diminution  in  range  produced  was  less 
when  the  metal  sheet  was  far  from  the  source  of  rays  than 
when  it  was  near;  in  other  words,  the  rays  seemed  to  be 
"stopped"  less  by  the  metal  when  they  were  going  slowly 
than  when  they  were  moving  with  greater  speed.  T.  S.  Taylorf 
made  a  careful  study  of  the  phenomenon  and  found  that  this 
differential  effect  increased  regularly  with  the  atomic  weight 
of  the  metal.  Substances  whose  atomic  weight  was  much 
greater  than  that  of  air  showed  the  effect  very  markedly  ; 
substances,  such  as  paper,  whose  average  atomic  weight  was 
nearly  equal  to  that  of  air  did  not  show  the  effect  at  all ;  and 
when  a  layer  of  hydrogen  was  used  instead  of  a  solid  obstacle, 
the  effect  was  reversed.  By  plotting  the  ionization  curves 
of  the  a-rays  in  air  and  in  hydrogen,  Taylor  showed  that 
there  was  exactly  the  same  relation  between  the  ionization  in 
the  two  gases  at  different  parts  of  the  range  as  between  their 
relative  stopping  powers.  Where  the  ionization  in  hydrqgen 
was  greater  than  in  air,  the  hydrogen  was  more  effective  in 
retarding  the  rays,  and  vice  versa;  and  the  numerical  ratios  for 
the  two  effects  were  equal.  These  results  led  naturally  to  the 
hypothesis  that  the  energy  lost  by  the  a-particles  in  their  prog- 
ress through  a  gas  was  mainly,  if  not  wholly,  consumed  in  the 
production  of  ions,  and  that  where  the  ionization  was  great  (as 
at  the  "  knee  "  of  the  Bragg  curve),  the  a-particles  lost  energy 

*Phil.  Mag.,  X,  318  (1905). 

t  This  Journal,  xxviii,  357  (1909).    Phil.  Mag.,  xviii,  604,  1909. 
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more  rapidly  than  where  the  ionization  was  less.     As  the  knee 
is  more  conspicuous  in  hydrogen  than  in  air,  the  relative  stop- 

Eing  effects  of  these  two  gases  are  easily  accounted  for  on  this 
ynothesis. 

Shortly  afterward  Geiger*  published  the  results  of  a  repeti- 
tion of  Kutherford's  measurements  of  the  velocities  of  the  a- 
particle  at  different  points  in  its  range.  The  measurements 
were  made  under  more  favorable  conditions  than  were  possi- 
ble at  the  time  of  Rutherford's  original  experiments,  and 
Geiger  was  able  to  show  tliat  the  loss  of  energy  by  the  particles 
in  passing  through  a  layer  of  air  was  at  least  approximately 
proportional  to  the  ionization  produced  in  that  layer,  and  was 
not  the  same  for  equal  paths  in  air  at  different  parts  of  the 
range  as  Rutherford  had  supposed.  The  large  value  of  the 
ionization  as  the  a-particle  approaches  the  end  of  its  range, 
involves  a  correspondingly  rapid  diminution  of  its  energy,  and 
this  rapid  expenditure  of  energy  in  all  probability  brings  the 
a-particle  to  rest  at  the  end  of  its  range  instead  of  leaving  it 
with  a  residual  velocity  after  it  ceases  to  ionize,  as  Rutherford 
at  first  supposed. 

The  continuity  of  the  effects  observed  by  Taylor  with 
hydrogen,  air,  and  various  metals  of  increasing  atomic  weight 
made  it  probable  that,  in  solids  as  well  as  gases,  the  a-parti- 
cles  expend  their  energy  in  a  process  analogous  to  gaseous 
ionization,  and  that  this  process  follows  a  curve  similar  to  the 
ionization  curve  in  gases.  Just  as  the  curve  for  air  has  a  less 
conspicuous  knee  than  the  hydrogen  curve,  so,  from  the  stop- 
ping effects,  we  should  expect  the  "  ionization  curve  "  for  gold, 
for  example,  to  show  less  projection  than  the  air  curve. 
According  to  this  view  all  atoms  are  less  effective  in  retarding 
swift  rays  than  slow  ones;  but  heavy  atoms  are  relatively 
more  effective  in  stopping  the  swift  rays  than  the  light  atoms, 
while  they  are  on  more  nearly  equal  terms  in  their  effect  upon 
the  slower  rays.  This  view  accounts  satisfactorily  for  the 
results  obtained  by  Taylor. 

The  following  experiments  were  undertaken  to  obtain,  if 
possible,  some  direct  evidence  of  the  existence  of  an  ionization 
process  in  metals  subjected  to  a-rays,  and  to  see  whether  it 
varied  with  the  speed  of  the  rays  in  a  manner  analogous  to  the 
ionization  which  the  rays  produce  in  gases.  It  has  been  known 
for  some  years  that  a  source  of  a-rays,  or  any  solid  struck  by 
them,  emits  slowly-moving  electrons  (called  8-rays  by  Sir  J.  J. 
Thomson,  who  discovered  them). 

If  the  atoms  of  solids  are  ionized  by  the  rays  one  would 
expect  that  some  of  the  electrons  set  free  in  the  process  from 
the  atoms  near  the  surface  would  escape  from  the  metal,  and 
♦Proc.  Roy.  Soc,  Ixxxiii,  505  (1910). 
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that  the  numher  escaping  would  be  more  or  less  nearly  propor- 
tional to  the  number  of  atoms  ionized.  Accordingly  measure- 
ments were  made  of  the  number  of  electrons  escaping  from  a 
thin  metal  foil  when  struck  by  a-rays  at  different  points  in  the 
range. 
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In  order  to  avoid  possible  complications  from  the  effects  of 
/9-  and  7-ray8,  polonium  was  used  as  the  source  of  a-rays.  Pro- 
fessor Boltwood  kindly  separated  the  polonium  from  a  solution 
of  radio-lead  and  it  w«w  deposited  on  the  end  of  a  copper  plug, 
^mm  jn  diameter.  The  first  preparation  was  not  very  strong 
and  it  was  necessary  to  use  a  system  of  small  capacity  in 
making  the  electrical  measurements.  The  following  form  of 
apparatus  was  used.  A  piece  of  thin  aluminium  leaf,  E,  fig.  1, 
'064:XlO"'*'°'  thick  is  stretched  over  the  flat  brass  ring,  D,  which 
has  a  clear  opening  of  3-2'"'.  The  brass  rod  which  supports 
the  ring  passes  through  the  base  plate,  C,  and  is  insulated  from 
it  by  aml)er,  ebonite,  and  an  earthed  guard  tube ;  the  joints  are 
made  air-tight  with  sealing  wax.  A  cylindrical  cover,  B,  rests 
on  the  base  plate,  the  two  surfaces  in  contact  being  ground  to 
each  other  and  made  tight  with  rubber  stop-cock  grease.  The 
interior  is  connected  by  means  of  the  tube,  L,  with  pump, 
gauge,  and  charcoal  bulb.  The  copper  plug,  P,  which  has  the 
polonium  on  its  lower  end,  is  supported  by  a  little  tripod,  and 
there  are  punch  marks  in  the  top  of  the  cover  into  which 
the  feet  of  the  tripod  fit  so  that  it  can  be  removed  and  replaced 
in  the  same  position.  The  distance  from  the  polonium  to  the 
top  of  the  cover  is  6"™.  In  the  cover  just  below  the  polonium 
are  nine  holes,  l*""  in  diameter,  to  permit  the  passage  of  thea- 
rays;  these  holes  are  covered  by  aluminium  foil,  8*65 X 10'**^" 
thick.  This  foil  was  some  tliat  was  supplied  with  tubes 
intended  to  demonstrate  Lenard  rays;  it  was  the  thinnest  I 
could  find  which  was  not  full  of  holes  and  its  effect  on  the 
range  of  a-particles  was  equivalent  to  that  of  1-47'^"  of  air. 
It  was  fastened  down  to  the  top  with  a  ring  of  low  melting 
sealing  wax,  which  was  then  covered  with  stop-cock  grease. 

The  rod  which  supports  the  ring  and  aluminium  foil  was  con- 
nected to  the  gold  leaf  of  an  electroscope  which  had  been  made 
some  time  before  in  this  laboratory.  It  may  be  regarded  as 
developed  from  a  Wilson  tilted  electroscope  in  the  same  manner 
that  a  twinned  crystal  is  developed  from  an  ordinary  one.  The 
two  plates,  H  and  II',  arecliarged  to  equal  and  opposite  poten- 
tials (usually  200  volts),  as  in  llankel's  electroscope.  The  gold 
leaf  is  kept  in  the  middle  by  means  of  the  leveling  screws,  and 
the  sensitiveness  (and  stability)  are  easily  altered  by  raising  or 
lowering  the  leaf  by  means  of  the  milled  head,  M.  The  latter 
adjustment  is  the  chief  convenience  of  this  electroscope.  The 
sensitiveness  of  such  an  electroscope  is  a  very  indefinite  thing ; 
it  depends  upon  the  degree  of  instability  of  zero  point  and 
deflection  that  one  can  permit,  and  this,  in  turn,  depends  on 
the  greater  or  less  protection  of  the  case  from  rapid  cnanges  of 
temperature,  currents  of  air,  etc.  This  double  electroscope  ap- 
pears to  have  some  slight  advantage  over  Wilson's  form  ;  when 
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tho  two  were  mounted  side  by  side  under  the  same  conditions, 
the  double  electroscope  had  a  sensitiveness  about  three  times 
that  of  the  tilted  form,  for  equal  stability.  As  used  in  the 
present  experiments  the  capacity  of  the  leaf  and  its  connections 
was  about  5'^'",  and  the  sensitiveness  was  so  adjusted  as  to  give 
about  25  or  30  divisions  on  the  scale  in  the  microscope  for 
O'l  volt.  The  key,  R,  which  was  connected  to  a  potentiometer 
arrangement,  allowed  the  leaf  to  be  insulated,  grounded,  or 
charged  to  any  desired  potential,  and  the  volt  sensitiveness 
was  taken  immediately  after  each  reading. 

The  case  containing  the  aluminium  foil  electrode  was  exhausted 
while  the  charcoal  bulb  was  heated  to  a  pressure  of  a  few  thou- 
sandths of  a  millimeter,  after  which  the  bulb  was  cooled  with 
liquid  air.  The  bulb  was  between  the  case  and  the  pump  and 
thus  formed  a  trap  for  the  mercury  vapor  ;  two  liters  of  liquid 
air  were  used,  which  lasted  for  about  ten  days.  For  that  length 
of  time  the  air  pressure  could  be  kept  continuously  below 
•0001""™.  The  pressure  of  the  mercury  vapor  in  the  case  must 
have  been  very  small  under  these  conditions.  What  vapor 
there  was  from  the  rubber  stop-cock  grease  used  to  cover  the 
joint  between  the  base  plate  and  cover,  must  have  been  con- 
stantly distilling  over  from  the  case  into  the  bulb ;  that  its 
amount  was  small  is  shown  by  the  fact  that  no  visible  traces 
of  the  grease  could  be  seen  in  the  charcoal  bulb  after  a  week  or 
more  of  this  distillation,  although  in  the  same  time  drops  of 
mercury  of  considerable  size  had  distilled  over  from  the  pump. 

When  the  a-rays  from  the  polonium  were  admitted  into  the 
case  through  the  aluminium-covered  holes  in  the  top,  both  the 
insulated  electrode  and  the  case  emitted  electrons  under  their 
action.  In  order  to  separate  the  two  effects  it  was  necessary  to 
charge  the  case  ;  when  it  was  charged  positively  the  electrons 
which  were  set  free  from  the  case  were  prevented  from  reach- 
ing the  electrode,  and  the  latter  received  a  positive  charge  due 
to  the  loss  of  electrons  from  its  two  surfaces ;  when  the  case 
was  charged  negatively,  the  electrode  received  electrons  from 
the  case  and  emitted  none  itself.  With  -1-25  volts  on  the  case 
the  current  of  electrons  from  the  aluminium  foil  was  fully  satu- 
rated, and  it  was  not  increased  by  the  application  of  -1-200  volts. 
With  -f  6  volts  the  lack  of  saturation  was  about  7  per  cent.  On 
the  other  hand,  with  a  negative  potential  on  the  case,  it  was 
distinctly  more  diflBcult  to  reach  the  saturation  value  ;  with 
—  25  volts  the  current  was  20  per  cent  less  than  with  —200  volts. 
The  probable  cause  for  this  difference  will  be  discussed  in  the 
next  paragraph. 

When  the  case  was  charged  negatively,  the  current  was 
approximately  twice  as  great  as  when  the  case  was  charged 
positively.     Thus,  apparently,  twice  as  many  electrons  were 
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emitted  by  the  case  under  the  influence  of  the  a-rays  as  from 
the  two  sides  of  the  aluminium  foil  electrode  through  which 
the  rays  passed.  This  difference  persisted  when  the  case  itself 
was  lined  with  aluminium  foil,  so  it  was  not  due  to  a  specific 
difference  between  aluminium  and  braes.  It  is  probable  that 
the  explanation  of  this  difference,  as  well  as  the  difficulty  in 
obtaining  negative  saturation  mentioned  in  the  last  paragraph, 
is  to  be  found  in  the  construction  of  the  cover  and  the  aper- 
tures through  which  the  rays  enter  the  exhausted  chamber. 
Many  of  the  rays,  passing  in  a  divergent  pencil  through  the 
aluminium  foil  whicn  covers  the  holes,  strike  the  sides  of  the 
holes  and  do  not  reach  the  electrode.  They  thus  liberate  a 
number  of  electrons  from  the  case  and  no  corresponding  ones 
from  the  electrode  ;  and  to  draw  all  of  these  superfluous  elec- 
trons from  the  small  apertures  in  the  top  of  the  cover  requires 
a  considerably  greater  potential-difference  than  when  they  come 
from  the  electrode. 

In  order  to  find  out  whether  the  observed  currents  really  had 
their  source  in  the  metals  and  were  not  due  to  residual  gas  or  vapor, 
the  foil  was  removed  from  the  ring  electrode.  (The  apertures 
in  the  top  of  the  cover  were  so  placed  that  the  geometrical  beam 
of  rays  fell  entirely  within  the  ring.)  Under  these  conditions 
the  current  with  the  case  charged  positively  fell  to  4  per  cent 
of  its  former  value,  while  with  a  negative  potential  on  the  case 
the  current  was  90  per  cent  of  what  it  had  been  before.  This 
slight  falling  off  in  the  negative  current  was  doubtless  due  to 
the  fact  that  the  ring-electrode  was  less  eflBcient  in  catching 
electrons  from  the  case  than  when  it  was  covered  with  foil. 
Of  the  small  positive  current,  part  at  least  was  due  to  the  rays 
which  struck  the  brass  rod  which  supported  the  ring  (see  fig.  1), 
so  that  we  may  be  quite  sure  that  the  gas  effect  contributes  not 
more  than  2  or  3  per  cent  to  the  currents  observed  with  this 
apparatus.  The  absence  of  positive  particles  justifies  the  fur- 
ther conclusion  that  the  effect  produced  by  the  rays  on  a  metal 
consists  in  the  direct  expulsion  of  electrons,  and  not  of  neutral 
pairs  which  afterward  break  up.  As  will  be  seen  later,  there 
IS  a  very  close  relationship  between  this  metal  effect  and  the 
ordinary  ionization  of  gases  by  a  rays  ;  and  the  result  just  given 
renders  it  at  least  unlikely  that  neutral  pairs  are  emitted  when 
gases  are  ionized  by  a-rays  as  has  been  sometimes  assumed  in 
the  case  of  other  ionizing  agents. 

A  further  test  of  the  relative  importance  of  the  metal  and 
gas  effects  was  made  by  measuring  the  current  at  different  gas 

f)ressures  up  to  0'2"'"'.  The  result  may  be  expressed  by  the 
inear  formula 

i=z  A-{-Bp 
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where  i  is  the  current,^,  the  pressure  and  A  and  B  are  con- 
stants. In  the  apparatus  described,  Bp  was  equal  to  A  when 
^=•068"",  so  that  even  with  a  pressure  of  several  thousandths 
of  a  millimeter,  the  gas  eflEect  was  small  in  comparison  with  the 
metal  effect. 

The  above  measurements  (which  were  incidental  and  some- 
what rough)  permit  an  estimate  of  the  number  of  electrons 
emitted  when  one  a-particle  passes  through  the  aluminium  foil 
electrode.  The  a-rays  were  at  a  point  in  their  range  corre- 
sponding to  a  distance  in  air  from  tne  polonium  of  2-07^™.  At 
tnis  point  in  the  range  Geiger's*  results  show  that  an  a-particle 
produces  about  4000  ions  per  mm.  of  its  path  in  air  at  standard 
pressure.  In  the  present  case,  the  depth  of  the  ionization 
chamber  was  40°*" ;  most  of  the  rays  passed  through  somewhat 
obliquely,  and  the  average  distance  traversed  was  about  45""™. 
At  a  pressure  of  -068""  the  ions  per  a-particle  would  be 

Half  of  these  (the  positives)  reached  the  electrode,  and  gave  an 
effect  equal  to  that  of  the  electrons  which  left  it.  The  num- 
ber of  electrons  leaving  both  sides  of  the  foil  for  each  a-parti- 
cle passing  through  it  is  thus  approximately  eight.f 

The  foregoing  preliminary  experiments  having  shown  that 
the  effects  observed  in  the  electroscope  were  due  to  the  emis- 
sion of  electrons  from  the  surfaces  of  the  metal,  the  speed  of 
the  a-particles  was  varied  by  interposing  sheets  of  aluminium 
foil  between  the  polonium  and  the  cover  of  the  exhausted 
chamber.  Foils  ot  two  different  thicknesses  were  used  ;  the 
thinner  was  0*64  X  10"*^"*  in  thickness  and  its  approximate 
air-equivalent,  according  to  Taylor's  results,  was  0116"° ;  the 
other  was  3-2  X  10"*  '^"^  thick,  and  was  equivalent  to  O'SS*'"*  of 
air;  it  happened  to  be  just  five  times  as  thick  as  the  first  foil. 

With  the  case  charged  to  +40  volts,  the  current  of  electrons 
from  the  electrode  was  measured  as  successive  layers  of  foil 
were  interposed.  The  current  increased  until  five  or  six  of 
the  thin  foils  had  been  added,  after  which  it  rapidly  decreased. 
Curve  I,  fig.  2,  shows  the  result  of  a  series  of  such  measure- 
ments made  on  Jan.  12,  1911.  In  the  figure,  the  currents  in 
volts  per  minute  are  plotted  as  abscissae,  and  the  number  of 
layers  of  foil  as  ordinates;  in  order  to  facilitate  comparison 
with  the  ionization  curve  of  polonium,  however,  the  scale  of 
ordinates  indicates  the  air-equivalents  of  ths  foils.     Each  plot- 

»  Proc.  R.  S.,  Ixxxii,  486,  1909. 

fHanser,  Phya.  Zeits.,  xii,  466,  1911,  whose  paper  appeared  after  the 
completion  of  these  experiments,  finds  that  about  20  electrons  are  emitted 
from  one  side  (the  emergence  side)  of  an  aluminium  foil  for  each  a-particle . 
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ted  point  is  the  mean  of  from  three  to  six  separate  observa- 
tions, taken  in  various  orders  and  with  frequent  returns  to  the 
measurement  of  the  current  with  no  foils,  to  check  the  con- 
stancy of  the  electroscope  readings.  Several  repetitions  of 
these  measurements  gave  entirely  similar  results. 

Before  entering  the  case  the  a-rays  passed  through  0*6'^"  of 
air  and  througli  the  thick  aluminium  foil  which  covered  the 
holes  in  the  top  and  whose  air-equivalent  was  1'47°",  so  that, 
with  this  apparatus,  only  the  upper  part  of  the  polonium  curve 


Fig.  2. 


CM. 

10 


7 

C 

T 

-> 

.01 


sn 


.05  .04 

VDUrS   FCR  MINUTC 


.OS 


Curve  I,  Polonium  ;  Curve  11,  Thorium  Active  Deposit. 

can  be  obtained.  To  obtain  a-rays  of  greater  rancre,  I  used 
the  active  deposit  from  the  thorium  emanation,  which  emits 
a-rays  of  two  different  speeds ;  the  rays  from  thorium  B  have 
a  range  in  air  of  5*0^,  and  those  from  thorium  C,  of  S'G*^"'. 
An  additional  advantage  is  the  slow  rate  of  decay  of  the  thorium 
active  deposit,  which  falls  to  half-value  in  10'6  hours. 

A  small  quantity  ('*  activity  of  2-4'"«  Ra.Br,")  of  Professor 
Hahn's  mesothorium,  obtained  from  Knofler  &  Co.  of  Berlin, 
was  available.  This  was  placed  in  a  small  cylindrical  cup  of 
platinum  with  a  hemispherical  bottom,  and  was  slightly  mois- 
tened to  increase  its  emanating  power.     The  top  of  the  cup 
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was  closed  with  a  rather  thick  stopper  of  ebonite,  in  the  center 
of  which  was  a  hole  through  which  passed  a  copper  plug  of 
the  same  dimensions  as  that  on  which  the  polonium  had  been 
deposited  (4"""  in  diameter).  The  lower  end  of  this  plug  was 
flush  with  the  bottom  of  the  ebonite  stopper,  which  was  about 
half  way  between  the  top  and  bottom  of  the  cup.  By  this 
arrangement,  when  the  cup  was  charged  to  +80  volts  with 
respect  to  the  copper  plug,  most  of  tlie  lines  of  force  which 
passed  through  the  emanation  fell  upon  the  end  of  the  plug, 
and  the  greater  part  of  the  active  deposit  was  collected  there. 
After  an  exposure  of  24  hours  the  accumulated  deposit  was 
sufllcient  to  give  very  good  readings  in  the  apparatus  described 
above,  though  somewhat  less  than  had  been  obtained  with  the 
poloniijm.  As  there  is  an  appreciable  amount  of  radium  with 
the  mesothorium,  it  is  necessary  to  wait  about  two  or  three 
hours  before  beginning  measurements,  in  order  to  allow  the 
radium-active  deposit  to  decay  to  a  small  value. 

Series  of  observations  were  made  in  the  same  manner  as 
with  the  polonium  except  that  the  thicker  aluminium  foil 
alone  was  used.  On  account  of  the  decay  of  the  active  deposit 
it  was  necessary  to  complete  a  series  within  a  reasonable  num- 
ber of  hours,  and  it  was  desirable  to  repeat  each  measurement 
several  times  to  guard  against  possible  vagaries  of  the  electro- 
scope. Each  reading  was  corrected  in  the  usual  manner  for 
the  decay  of  the  active  deposit.  Curve  II,  fig.  2,  shows  the 
result  of  the  series  of  Marcn  9,  1911,  which  is  typical  of  other 
similar  series.  The  two  "knees''  are  distinctly  shown,  and 
their  position  is  in  excellent  agreement  with  the  ionization 
curve  in  air  given  by  Hahn.* 

It  appears  from  these  experiments  that  (as  was  anticipated) 
the  secondary  8-radiation  from  aluminium  varies  with  tlie  speed 
of  the  a-rays  producing  it  in  a  manner  entirely  analogous 
to  the  variation  in  the  gaseous  ionization  under  like  conditions. 
But  the  possibility  of  an  error  in  this  conclusion  here  suggests 
itself.  When  the  a-particle  is  not  near  the  end  of  its  range  it 
passes  through  the  thin  aluminium  electrode  and  the  latter 
receives  its  positive  charge  solely  on  account  of  the  electrons 
emitted  by  it.  Near  the  end  of  the  range,  however,  some  of 
the  a-particles  (those  entering  most  obliquely)  will  stop  in  the 
foil,  and  it  is  possible  that  the  observed  increase  in  the  positive 
charge  acquired  by  the  electrode  is  due  to  the  positive  charges 
on  these  a  particles  and  not  to  any  true  increase  in  the  8-radia- 
tion.  It  is  easy  to  test  this  by  charging  the  case  negatively, 
and  measuring  the  negative  charge  received  by  the  electrode 
from  the  electrons  emitted  by  the  case,  for  under  these  circum- 
stances the  stoppage  of  a-particles  by  the  electrode  would 
♦Phys.  Zeitsch.,  vii,  p.  415,  1906. 
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decrease,  instead  of  increasing,  the  effect.  Unfortunately  when 
this  was  tried  a  decisive  result  was  not  obtained.  The  cur- 
rent observed  in  the  electroscope  remained  nearly  constant 
while  several  foils  were  interposed  and  then  fell  off  more 
gradually  than  with  the  positive  charge  on  the  case.  As  will 
be  shown  in  the  following  pages,  however,  this  was  not  due  to 
the  cause  suggested  above,  but  was  in  all  probability  the  result 
of  the  construction  of  the  chamber.  As  has  been  pointed  out, 
many  of  the  a-rays  must  have  struck  the  sides  of  the  holes  in 
the  top  at  various  angles  up  to  grazing  incidence.  Thus  the 
electrons  emitted  from  the  case  were  not  all  produced  by  par- 
ticles moving  with  approximately  the  same  speed,  but  by  par- 
ticles whose  velocities  varied  considerably.  Hence  the  effect 
was  somewhat  analogous  to  ionization  curves  obtained  when 
the  pencil  of  rays  is  not  limited  to  a  small  angle  by  a  ^'  Bragg 
screen." 

However,  it  was  necessary  to  investigate  the  matter  further. 
As  a  more  intense  source  of  radiation  was  desirable.  Professor 
Boltwood  was  good  enough  to  attempt  the  preparation  of  a 
much  stronger  deposit  of  polonium.  By  a  special  method  he 
succeeded  in  depositing  upon  a  4"""  ping  as  much  polonium  as 
would  be  in  equilibrium  with  about  0*6™*  of  radium,  and  yet 
having  so  little  foreign  material  with  it  that  it  appeared  as  a 
mere  discoloration  upon  the  copper.  With  this  preparation, 
the  difficulties  of  the  experiment  were  greatly  lessened ;  an 
electrometer  could  be  used  instead  of  the  electroscope,  and  much 
larger  and  steadier  readings  could  be  obtained. 

in  order  to  avoid  the  difficulties  mentioned  above,  which 
prevented  satisfactory  readings  when  a  negative  potential  was 
put  on  the  case,  the  experimental  arrangements  were  altered. 

The  polonium-coated  plug,  P  (fig.  3),  is  placed  within  the 
evacuated  chamber ;  it  is  surrounded  by  a  brass  cylinder,  C, 
whose  opening  limits  the  cone  of  rays  so  that  they  fall  within 
the  ring,  E,  which  supports  the  aluminium-leaf  electrode.  Two 
other  rings,  F  and  F',  above  and  below  the  electrode  at  a  dis- 
tance of  7"'°\  are  also  covered  with  the  aluminium  leaf ;  they 
are  in  metallic  connection  with  each  other  and  with  the  case. 
The  brass  disc,  D,  is  divided  into  six  equal  sectors ;  one  of 
these  is  left  blank  so  that  the  rays  may  be  stopped,  while  the 
five  others  have  holes  through  them  1*3^™  in  diameter.  These 
five  holes  are  covered  respectively  with  2,  3,  4,  5,  and  6  layers 
of  the  thicker  aluminium  foil  whose  air  equivalent  is  O'SS^"". 
TJie  disc  can  be  rotated  about  its  axis,  which  passes  through 
the  cover  plate  with  a  cone  bearing,  made  tight  by  rubber 
stop-cock  grease.  A  dial,  C,  enables  one  to  set  the  disc  so 
that  the  different  layers  of  foil  are  interposed,  or  the  rays 
stopped  altogether  by  the  blank  sector.     The  electrode  is  insu- 
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lated  from  the  case  by  amber,  guard  tube,  and  ebonite,  and  the 
joints  made  tight  by  sealing  wax  ;  it  was  connected  with  a 
Dolezalek  electrometer,  which,  with  80  volts  on  the  needle,  had 
a  sensitiveaiess  of  about  650°™  divisions  per  volt.  It  was  nec- 
essary to  reduce  somewhat  the  current-sensitiveness  of  the 
instrument ;  for  this  purpose  a  small  mica  condenser  of  about 
150*^"*  capacity  was  put  in  parallel  with  the  electrometer. 

With  a  positive  potential  on  the  case,  the  saturation  current 
was  reached  with  40  volts;  and  when  the  brass  sector  was 

Fig.  3. 
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interposed  in  the  path  of  the  rays  the  current  fell  to  a  negligi- 
ble value.  On  the  other  hand,  it  was  impossible  to  approach 
saturation  with  a  negative  potential  on  the  case,  even  at  —320 
volts;  the  negative  current  when  the  rays  were  stopped  by  the 
disc  was  always  large  (20-40  per  cent  of  the  total),  and  increased 
with  the  negative  potential  on  the  case.     This  part  of  the  cur- 
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rent  was  due  to  the  electrons  set  free  between  the  polonium 
and  the  disc ;  by  subtracting  this  from  the  currents  obtained 
with  the  foils  interposed  it  was  possible  to  eliminate  this  dis- 
turbing portion  of  the  negative  current.  What  w^  left  con- 
sisted of  the  electrons  from  the  two  foils  on  the  rings  F,  F', 
and  from  the  surfaces  of  the  disc-foils  farthest  from  the 
polonium. 

With  this  apparatus,  practically  identical  results  were 
obtained  whether  the  case  was  charged  positively  or  nega- 
tively ;  that  is  to  say,  whether  the  electrode  emitted  electrons 
or  received  those  given  oflF  by  the  other  aluminium  foils.  In 
the  following  table  the  results  of  various  series  of  measure- 
ments are  given.  In  order  to  facilitate  comparison,  the  cur- 
rents are  reduced  to  the  same  scale,  that  obtained  with  2  foils 
(the  smallest  number  used)  being  taken  as  100  in  each  case. 

Table  I. 


Date 

I 

May  23 1 

May  27 

June  9  , 


Volts 

OD 

Case 

+  160 

—  160 
+    80 

—  80 
+    80 

—  80 


Number  of  Foils 


100 
100 
100 
100 
100 
100 


107-2 

104- 

104-6 

104-6 

106- 

104  5 


4 

5 

6 

118-5 

107- 

39- 

118-2 

107- 

54- 

116-3 

106-8 

38-7 

119- 

108-6 

65-5 

118- 

109- 

39-5 

119- 

110- 

51-8 

These  results  leave  no  doubt,  I  think,  that  the  increase  in  the 
secondary  8-radiation  is  real,  and  is  not  due  to  the  charge  on 
the  a-particles  themselves.  The  discrepancy  between  the  posi- 
tive and  negative  currents  when  six  foils  are  interposed  is  easily 
explained.  With  a  negative  charge  many  of  the  electrons 
come  from  the  foil  on  the  disc,  D ;  with  a  positive  charge,  they 
all  come  from  the  electrode,  E,  and  to  reach  this  the  a-rays  must 
penetrate  the  foil,  F  (air  equivalent  =  0-116"™).  With  6  foils 
interposed  we  are  in  the  nearly  horizontal  "top"  of  the  curve, 
and  a  small  difference  in  the  range  makes  a  considerable  diffei'- 
ence  in  the  effect.* 

*  All  effect,  probably  due  to  this  increased  emission  of  electrons  witb 
diminishing  speed  of  the  particles,  was  observed  by  Aschkinass  (Ann.  d. 
Phys.,  xxvii,  p.  377,  1908).  He  was  measuring  the  charge  of  the  a-particles 
after  passing  through  various  thicknesses  of  aluminium,  and  had  a  trans- 
verse magnetic  field  to  curl  up  the  cJ  rays.  The  a-rays  passed  through  an 
aluminium  window  into  a  separate  chamber  and  fell  upon  a  copper  plate. 
Even  without  a  magnetic  field  the  plate  acquired  a  positive  charge ;  when 
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In  order  to  test  the  eflEeet  with  another  metal,  three  gold 
leaves  were  put  upon  the  rings,  E,  F  and  F',  instead  of  alumin- 
ium. These  leaves  were  '09  X  10~*^  thick  and  had  an  air 
equivalent.of  approximately  O-OS*^"*  (about  half  of  that  of  the 
aluminium  leaf).  The  emission  from  the  gold  electrode  waa 
about  13  per  cent  less  than  from  the  aluminium  but  the  varia- 
tion with  the  speed  of  the  a-rays  was  very  nearly  the  same. 
In  the  following  table  are  given  the  averages  for  all  the  exper- 
iments with  both  metals  (with  positive  potential  on  the  case) ; 
the  currents  with  two  foils  are  called  100  as  before.  Included  in 
the  table  are  two  series  of  ionization  measurements.  These 
were  made  by  removing  the  foil  from  the  electrode,  E,  admit- 
ting a  small  quantity  oi  air  (pressure  •032°*"),  and  charging  the 
case  positively.  The  first  of  the  two  ionization  experiments  is 
with  the  aluminium-leaf  on  F  and  F',  the  second  with  the  gold- 
leaf. 

Table  II. 


No.  Foils 

Al 

Gold 

Air  (1) 

Air  (2) 


2 

8 

100 

105-2 

100 

105-6 

100 

110-5 

100 

110- 

117-6 
118-2 
134- 
130- 


107-3 
115-6 
U3- 
143- 


39-1 
72-2 
57-3 
96-5 


As  will  be  seen,  the  course  of  the  series  with  the  two 
metals  is  nearly  identical ;  the  differences  in  the  last  column 
are  to  be  attributed  to  the  greater  stopping  power  of  the 
aluminium  leaf;  it  appears  also  in  the  two  ionization  experi- 

a  small  thickness  of  alnminiam  was  in  the  path  of  the  rays,  the  magnetic 
field  increased  this  positive  charge,  but  only  slightly ;  (evidently  the  number 
of  electrons  emitted  by  the  window  and  falling  upon  the  plate  was  in  excess 
of  the  number  emitted  by  the  plate  itself,  but  this  excess  was  not  enough  to 
neutralize  the  charge  carried  by  the  a-rays.)  When  the  a-rays  had  to  pass 
through  a  thicker  layer  of  aluminium,  the  application  of  the  magnetic  field 
diminished  the  positive  charge  acquired  by  the  plate  ;  (in  this  case,  the  elec- 
trons emitted  by  the  plate  appear  to  be  in  excess  of  those  received  from  the 
window.)  The  author  draws  the  conclusion  that  "  with  diminishing  speed 
of  the  primary  a-particles,  it  appears  that  the  intensity  of  the  secondary 
radiation  increases,  at  first  slowly,  and  finally  considerably."  It  does  not 
appear  that  the  conclusion  is  altogether  justified  by  the  experiment ;  the  6- 
radiation  from  the  window  seems  to  have  been  left  out  of  consideration ;  the 
most  that  can  be  concluded  is  that  there  is  a  differential  effect  as  between 
copper  and  aluminium 

Another  effect  which  is  doubtless  due  to  the  same  cause  was  observed 
by  Duane  (C.  R.,  cxlvi,  1088,  1908).  He  found  that  the  secondary  radiation 
ceases  a  little  less  abruptly  at  the  end  of  the  range  than  the  charge  on  the 
a-particles.  As  he  used  an  unlimited  beam  of  rays,  this  result  may  well  have 
been  due  to  the  increased  emission  of  electrons  near  the  end  of  the  range. 
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inents  with  the  two  metals  on  the  ring,  F.  _  _ 
graphical  representation  of  these  results;  it  is  to  be  remem- 
bered, however,  that  the  ordinates  of  the  different  curves  are 
not  exactly  adjusted  to  each  other,  on  account  of  the  differ- 
ences just  mentioned.     It  is  indeed  impossible  to  make  satis- 
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factory  correction  for  these  differences  without  knowing  the 
relative  values  of  the  "  incidence"  and  "  emergence"  S-radia- 
tion  ;  for,  between  the  generation  of  the  two,  the  a-rays  pass 
through  the  leaf  on  the  electrode — in  the  one  case  aluminium, 
in  the  other  case,  gold.  It  is  plain,  however,  that  this  correc- 
tion (if  it  could  be  made)  would  bring  closer  together  the  two 
curves  in  their  decreasing  portions,  while  it  would  not  much 
affect  their  increasing  portions  where  they  are  already  in  close 
agreement. 

The  results  of  Taylor,  mentioned  at  the  beginning  of  this 
paper,  would  lead  us  to  expect  that  the  metal  curv'es  would  lie 
to  the  left  of  the  air-curve  and  have  a  less  pronounced  knee, 
as  appears  to  be  the  case.  But  they  give  equal  grounds  for 
anticipating  that  the  gold  curve  should  be  to  the  left  of  that 
obtained  with  aluminium,  and  this  is  not  confirmed  by  the 
experiments.  Quite  apart  from  these  somewhat  hypothetical 
considerations,  it  does  not  appear  probable  that  two  metals 
which  differ  so  much  in  atomic  weight  and  in  other  properties 
should  give  effects  so  nearly  identical ;  the  ionization  curves  in 
different  gases  are  markedly  different  even  when  the  gases 
differ  much   less  from  each  other  than  gold  and  aluminium. 
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The  close  similarity  observed  with  the  two  metals  gives  rise  to 
the  suspicion  that  the  electrons  we  have  been  measuring  are 
emitted  not  from  the  metals  themselves,  but,  perhaps,  from  a 
layer  of  adsorbed  gas  which  is  the  same  in  both  cases.  I  have 
not  yet  had  an  opportunity  to  test  this  possibility,  or  to  obtain 
the  "  ionization  curves"  of  other  metals,  but  I  hope  to  do  so 
shortly.  The  observation  of  Aschkinass  (p.  414,  foot  note) 
seems  to  indicate  that  copper  and  aluminium  would  not  give 
identical  results. 

Conclusions. 

1.  The  emission  of  electrons  by  aluminium  and  gold  foils 
under  the  influence  of  a-rays  (secondary  S-rays)  varies  with  the 
speed  of  the  a-rays  in  a  manner  entirely  analogous  to  the 
variation  in  the  gaseous  ionization  produced  by  a-rays.  The 
emission  at  first  increases  and  then  rapidly  decreases  as  the 
a-rays  near  the  end  of  their  range,  |ind  the  curves  obtained 
show  all  the  characteristics  of  the  ionization  curves  in  gases 
first  obtained  by  Bragg. 

2.  The  curves  lie  within  (to  the  left  of)  the  corresponding 
curves  for  gases  and  have  a  less  conspicuous  "  knee."  So  far, 
they  are  in  agreement  with  the  known  results  on  the  retarda- 
tion of  a-rays  bv  metals,  and  with  the  hypothesis  that  the  loss 
of  energy  by  the  a-particles  is  due  to  an  ionization  of  the 
metallic  molecules.  But  the  close  similarity  in  the  behavior  of 
gold  and  aluminium  is  not  in  accordance  with  this  view. 

3.  In  view  of  the  dissimilarity  in  the  ionization  curves  of 
different  gases,  the  agreement  in  the  curves  obtained  for 
aluminium  and  gold  is  unexpected,  and  leads  to  the  suspicion 
that  the  observed  effects  may  not  be  due  to  the  metals  them- 
selves, but,  perhaps,  to  a  layer  of  adsorbed  gas  in  both  cases. 
A  further  investigation  of  this  will  be  undertaken  shortly. 

Sloane  Laboratory,  Yale  University,  August,  1911. 
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Art.  XLI V. — Some  Minerals  from  Beaver  County ^   Utah  /* 
by  B.  S.  Butler  and  W.  T.  Schaller. 

Introduction. 

While  making  an  examination  of  some  of  the  mines  in 
Beaver  County,  Utah,  in  the  sammers  of  1909  and  1910,  one 
of  the  writers,  B.  8.  Butler,  collected  several  minerals  that  on 
examination  proved  to  be  of  unusual  interest.  One  of  these  is 
a  species  not  hitherto  known,  a  second  has  never  before  been 
reported  from  this  continent,  and  a  third,  although  previously 
reported  from  but  two  localities,  was  found  to  be  relatively 
abundant  in  this  district. 

JSeaveritey  a  New  Mineral, 

From  the  Horn  Silver  mine  near  the  town  of  Frisco  was 
collected  a  mineral  that  on  examination  in  the  laboratories  of 
the  United  States  Geological  Survey  proved  to  be  a  new  species. 
For  this  mineral,  which  is  a  hydrous  sulphate  of  copper,  lead 
and  ferric  iron,  the  name  heaverite  is  proposed,  after  the  name 
of  the  county  from  which  it  was  first  described. 

Occurrence, — The  mineralization  in  the  Horn  Silver  mine 
occure  along  a  fault  plane  that  has  thrown  Tertiary  lavas  down 
against  Cambro-Ordovician  limestone,  the  ore  deposits  being 
mainlj'  a  replacement  of  the  volcanic  rocks. 

The  principal  primary  minerals  of  the  deposit  are  :  Galena, 
sphalerite,  wurtzite,  pyrite,  chalcopyrite,  a  sulph-antiraonite 
of  lead  possibly  jamesonite,  pyrargyrite,  argentite,  quartz, 
barite,  muscovite,  and  small  amounts  of  other  minerals. 

The  mine  has  been  developed  to  a  depth  of  1000  feet.  For 
about  600  feet  the. primary  minerals  have  been  almost  entirely 
altered  by  descending  solutions,  and  this  alteration  has  taken 
place  in  a  lesser  degree  to  a  much  greater  depth.  The  charac- 
teristic alteration  in  the  deposit  is  to  sulphates  with  some  car- 
bonates, chlorides  and  sulphides. 

The  following  secondary  minerals  have  been  recognized  : 
Anglesite,ceru8site,  plumbojarosite,  jarosite,  beaverite,  linarite, 
bindheimite?,  smithsonite,  calamine,  goslarite,  covellite,  chal- 
cocite,  brochantite,  malachite,  azurite,  clirysocolla,  chalcanthite, 
cerargyrite,  sulphur,  chalcedony,  kaolinite,  gypsum,  alnnite, 
and  hydrous  oxides  of  iron  and  manganese. 

The  beaverite  occurs  with  other  secondary  minerals  in  the 
upper  part  of  the  deposit.  Only  a  small  portion  of  the  upper 
levels  was  accessible  at  the  time  of  the  visit  and  the  mineral 
*  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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was  not  seen  in  place,  but  the  f reqiiency  with  which  it  was  met 
in  the  old  dump  leads  to  the  belief  tl^at  it  must  have  been  a 
rather  common  mineral  in  some  parts  of  the  deposit. 

Physical  Properties, — The  mineral  is  a  canary-yellow  earthy 
looking  material  commonly  mixed  with  other  secondary  Ifead 
and  copper  minerals,  but  occasionally  in  small  masses  that 
appear  to  be  composed  of  a  single  mineral.  Such  masses  are 
easily  crushed  in  the  fingers.  Under  the  high  power  of  the 
microscope  the  material  is  seen  to  be  crystallized  in  distinct 
hexagonal  plates.  These  are  too  small  for  accurate  measure- 
ment of  the  crystal  angles  or  determination  of  the  optical 
character.  The  refractive  index  of  the  light  ray  vibrating  per- 
pendicular to  the  plates  is  considerably  higher  than  that  of 
solutions  available  in  the  laboratory  for  the  immersion  method 
of  determining  indices,  namely  1'74. 

Almost  every  crystal  contains  a  minute  inclusion  whose 
character  has  not  been  determined.  The  material  analyzed 
appeared  under  the  microscope  to  be  very  pure  except  for 
these  inclusions,  and  it  is  possible  that  the  silica  that  appears 
in  the  analysis  is  due  to  them. 

Chemical  Composition. — The  mineral  is  soluble  in  boiling 
hydrochloric  acid,  leaving  the  insoluble  matter,  chiefly  silica, 
behind.  On  cooling,  lead  chloride  separates  out  in  considera- 
ble amount.  The  lead  reaction  can  also  readily  be  obtained 
with  sodium  carbonate  on  charcoal.  On  adding  ammonia  in 
excess  to  the  hydrochloric  acid  solution,  the  ferric  iron  is 
thrown  down  as  a  voluminous  brown  precipitate,  and  the  solu- 
tion has  the  deep  blue  color  indicative  of  copper.  By  the 
quantitative  determination,  the  presence  of  a  small  amount  of 
alumina  was  established.  The  insoluble  matter  consists  mostlv 
of  silica,  only  a  slight  residue  remaining  after  treatment  with 
hydrofluoric  acid. 

The  average  of  the  results  of  the  chemical  analyses  is  shown 
in  the  table  below.  The  ratios  obtained  therefrom  are  also 
given. 

Analysis  and  ratios  ofbeaverite  (W.  T.  8.), 

InHol 10-05 

CuO 9-70  -121                          -92  or  I 

PbO 29-44  -132  I'OO  "  1 

Fe,a....  17-28  -108)  ^.^^  «  ^ 

A1,0,  ....  3-64  -036  [  ^**  ^"'  ^ 

SO     21-32  -266  2-01  "  2 

H,6 9-02  -501  3-80  "  4(=:4X-96). 

100-45 

The  ratios  agree  well  with  the  formula  CuO.PbO.Fe,0,. 
2SO,.4:H,0,  in  which  the  copper  and  lead  are  assumed  to  be 

Am  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  192.— Dboxmber,  1911. 
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present  in  equal  molecular  amounts,  and  in  which  a  little  ferric 
iron  is  replaced  by  alumina.  As  the  ratio  of  Fe,0,  to  A1,0,  is 
as  3:1,  the  formula  can  be  written  more  exactly  as  4Cu0.4:PbO. 
3Fe,0,.Al,0,.8SO,.16H,0.  A  comparison  of  the  analysis  with 
the  insoluble  matter  deducted  and  reduced  to  100  per  cent, 
with  the  values  calculated  for  the  formula  last  given,  is  shown 
below. 

Comparison  of  analysis  with  ccUctUated  values, 

AnalysiB  CaloDlated 

CuO 10-74  ii-'ro 

PbO 32-50  32-80 

Fe,0, 19-13  17-61 

A1,0,   4  03  8-75 

SO, 23-60  23-54 

H.O 1000  10-60 

100-00  100-00 

The  water  is  all  constitutional,  as  none  was  driven  off  below 
250°.     The  actual  results  obtained  are  as  follows : 


Loss  of  weight  of  beaverite 

on  heating. 

Tempt. 

Total  loss 

110° 

0-045^ 

170° 

010 

250° 

0-14 

390°* 

3-72 

590°* 

10-45 

*  Heated  in  an  electric  fnmace. 

The  loss  at  590°,  as  given,  is  higher  than  the  true  value,  as 
a  little  of  the  material  was  lost  by  the  thermal  couple  acci- 
dentally reaching  into  the  crucible  when  some  of  the  powder 
adhered  to  the  wires. 

No  known  mineral  could  be  found  with  which  beaverite 
seems  related,  so  that  at  present  it  must  stand  as  an  isolated 
member  of  the  sulphate  group. 

Wurtzite. 

The  hexagonal  zinc  sulphide,  wurtzite,  is  present  in  consider- 
able abundance  in  the  primary  ores  of  the  Horn  Silver  mine. 
The  principal  primary  minerals  of  this  deposit  have  been  noted 
above.  Trie  richer  zinc  ore  in  the  hand  specimen  has  the 
general  appearance  of  light  honey-yellow  sphalerite,  but  under 
the  microscope  a  portion  is  seen  to  be  rather  strongly  bire- 
fringent  and  some  of  this  has  the  outline  of  pyramidal  crystals. 
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A  closer  examination  of  the  specimen  revealed  pyramidal 
crystals  that  conld  be  separated  from  the  surrounding  material. 
Several  of  these  crystals  were  removed  from  the  matrix  and 
measured.  They  showed  a  steep  hexagonal  pyramid,  which 
was  strongly  striated  horizontally.  Accurate  measurements 
were  not  possible,  as  the  striations  caused  the  crystals  to 
become  rounded  with  consequent  absence  of  plane  faces.  The 
crystals  were  measured  on  the  two-circle  goniometer  and  p 
angle  determined  for  the  pyramid  faces.      This  angle  corre- 

FlQ.  1. 


Fig.  1.    Wurtzite,  o{8021}. 

spends  to  that  between  the  basal  plane  (absent  on  these  crystals) 
and  the  pyramidal  faces.  The  values  obtained  are  shown 
below,  the  pyramid  being  the  form  o|202l| 

Measurement  of  o{2021}  tourtzite. 

Crystal  No 12  3  4 

Average  measurement     61°       62°       60°       61°     Calc.  62°  06' 

The  general  habit  of  these  crystals  is  shown  in  figure  1, 
where  the  marked  horizontal  strisB  are  also  shown. 

The  crystals  of  wurtzite  dissolve  readily  in  HOI,  evolving 
H,8.  The  solution  contained  abundant  zinc  and  no  other  metal 
was  present  in  appreciable  quantity. 

It  may  be  noted  that  the  zinc  sulphides  in  this  mine  have  the 
property  of  tribo-luminescence  or  of  giving  oflE  light  when 
scratched.  This  is  so  marked  that  sulphides  of  zinc  can  be 
readily  detected  in  the  mine  by  drawing  the  point  of  the  pick 
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or    mine  candlestick  across  the  ore.     If  zinc  sulphides  are 
present  the  point  of  the  metal  is  followed  by  a  line  of  sparks. 

Plumbojaroaite. 

Plurabojarosite  has  previously  been  described  from  two 
localities,  first  from  Cook's  Peak,  N.  M.*  and  second  from 
American  Fork,  Utah.f 

Since  this  mineral  has  been  so  rarely  noted,  it  was  a  matter 
of  some  surprise  to  find  it  in  no  less  than  six  mines  and  pros- 
pects in  Beaver  County,  in  some  cases  in  such  abundance 
that  a  considerable  quantity  could  be  picked  from  the  ore 
bins  and  dumps.  The  writer  was  told  by  one  superintendent 
that  several  tons  of  the  mineral  had  been  thrown  on  the  dump 
and  later  on  being  found  to  contain  metal  values  had  been 
shipped  to  the  smelter. 

rlnmbojarosite  has  been  determined  from  the  following 
mines  and  propects  in  Beaver  County:  Horn  Silver,  Hub, 
Moscow,  Red  Warrior,  Harrington-Hickory,  and  an  unnamed 
prospect  pit,  and  probably  is  present  in  still  others. 

Occurrence, — The  mineral  is  secondary,  resulting  from  the 
alteration  of  ore  composed  mainly  of  sulphides  of  iron,  lead, 
copper,  and  zinc.  The  secondary  minerals  for  the  most  part 
are  the  oxides,  sulphates,  carbonates  and  silicates  of  these 
metals,  and  with  these  are  plumbojarosite,  frequently  jarosite, 
and  other  minerals  in  varying  amounts.  It  is  of  interest  to 
note  that  from  the  Horn  Silver  mine  three  members  of  the 
jarosite  group  were  determined,  namely,  jarosite,  plumbojaro- 
site, and  alunite. 

Physical  properties. — As  seen  in  the  hand  specimen,  the 
material  is  dark  brown  in  color  and  distinctly  micaceous  in 
appearance  with  a  silky  luster.  Where  the  crystals  are  very 
fine  the  micaceous  character  is  less  pronounced  and  the  mineral, 
if  not  examined  with  some  care,  might  be  mistaken  for  limo- 
nite  or  some  iron-stained  material.  Although  the  mineral  is 
frequently  in  rather  large  pieces  as  it  comes  from  the  mine,  it 
is  readily  crushed  in  the  fingers  and  has  an  oily  look  and  feel, 
similar  to  fine  graphite.  Under  the  microscope  the  crystals 
are  seen  to  be  thin  hexagonal  plates  of  a  light  golden-yellow 
color.  The  crystals  vary  greatly  in  size  but  rarely  exceed  0-25'°"' 
in  width.  Measurement  of  the  crystals  has  not  been  made 
but  they  are  undoubtedly  hexagonal  and  so  far  as  their  proper- 
ties have  been  determined  they  correspond  to  the  material 
examined  by  Wright  from  the  American  Fork  locality.     The 

♦HUlebrand,  W.  F.,  and  Penfield,  S.  L.,  this  Journal,  vol.  xiv,  p.  213, 
1902. 

fHillebrand,  W.  F.,  and  Wright,  Fred  E.,  this  Journal,  vol.  xxx,  p.  191, 
1910. 
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crystals  are  uniaxial,  optically  negative  with  strong  birefring- 
ence. It  may  be  noted  that  jarosite  from  the  same  mines  is  so 
similar  to  the  plumbojarosite  in  physical  properties  that  a  dis- 
tinction can  be  made  only  by  chemical  tests. 

Chemical  composition, — ^The  analysis  (by  W.  T.  S.)  of  the 
plumbojarosite  is  shown  in  the  table  below,  where,  for  com- 
parison, are  also  given  the  two  analyses,  by  Hillebrand,  of  the 
mineral  from  New  Mexico  and  American  Fork,  Utah.  The 
values  calculated  from  the  formula  Pb0.3Fe,0,.4SO,.6H,0 
are  also  given  in  the  last  column  for  comparison. 

Analyses  of  plumhqjarosite. 


Beaver  Co., 

Cook'B  Peak, 

American  Fork, 

Utah 

N.  M. 

Utah 

Calculated 

Fe.O. 

42-11 

42-37 

42-87 

42-38 

PbO. 

18-32 

19-84 

18-46 

19-74 

K.O 

■0-18 

0-17 

0-16 

•  -  » • 

Na,0 

0-21 

0-52 



SO 

27-59 

27-06 

27-67 

28-33 

H,6 

9-16 

9-66 

10-14 

9-56 

CuO 

«  •  •  • 

0-27 

0-10 

■• »  «  - 

CaO 

o-ou 

0-06 

006 

.  •  •  - 

Insol 

2-64 

0-61 

0-40 

.  •  •  • 

ZnO 

0-30 







100-25 

100-15 

100-37 

100-00 

Density 

3-60 

3-665 

The  three  analyses  show  a  close  agreement  among  themselves 
as  well  as  with  the  calculated  values. 

Corkite. 

A  light  yellowish-green  mineral  that  has  the  properties  of 
corkite,  a  hydrous  phosphate  and  sulphate  of  lead  and  iron,  was 
collected  from  the  Harrington-Hickory  and  the  Wild  Bull 
mines.  So  far  as  is  known  to  the  writers,  these  are  the  only 
localities  on  this  continent  from  which  this  mineral  has  been 
reported. 

in  both  of  the  mines  mentioned  the  original  ores  were 
a  replacement  of  limestone  near  the  intrusive  rock  and  there 
was  considerable  apatite  and  contact  silicates  formed  with  the 
metallic  sulphides,  mainly  pyrite,  galena,  sphalerite,  and  chal- 
copyrite.  The  corkite  is  a  secondary  mineral  resulting  from 
the  alteration  of  these  ores,  the  phosphate  doubtless  being 
derived  from  the  apatite  and  the  metallic  content  from  the 
sulphides. 
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In  physical  properties  the  mineral  corresponds  with  that 
previously  described.  In  the  hand  specimen  it  is  a  light  green 
earthy  looking  material  which  when  crushed  in  the  fingers  has 
a  gritty  feel  like  fine  sand.  Under  the  microscope  it  is  seen 
to  be  well  crystallized,  the  larger  crystals  being  0*15"*"  in 
diameter.  The  crystals  are  golden  yellow  in  color  and  have 
the  general  appearance  of  being  a  combination  of  the  cube  and 
octahedron.  They  are  rather  strongly  birefringent,  however, 
and  are  probably  hexagonal  rhombohedral.  The  index  of 
refraction  is  higher  than  1*74. 

Corkite  is  readily  soluble  in  boiling  hydrochloric  acid  from 
which  solution  lead  chloride  separates  out  in  quantity  on 
cooling.  The  solution  contains,  besides  lead,  abundant  ferric 
iron  and  the  sulphate  and  phosphate  radicals.  Qualitative 
tests  failed  to  show  the  presence  of  any  arsenic,  and  only  a 
mere  trace  of  copper  is  present  in  the  American  corkite« 
Heated  in  a  closed  tube,  tne  mineral  darkens  and  gives  off 
water. 
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Abt.  XLV. — A  Method  of  Determining  the  Density  of  Min- 
erals hy  means  of  RohrbacKs  Solution  having  a  Standard 
Refractive  Index;  by  H.  E.  Merwin. 

Two  methods  of  finding  the  density  of  minerals  or  glasses 
which  are  in  granular  form,  or  which  require  to  be  granulated 
in  order  to  be  made  homogeneous,  are  in  general  use — the  pyc- 
nometer  method  and  the  suspension  method.'  Fine  powders 
(grains  less  than  about  -1  or  -2""  in  diameter)  cannot  be  used 
successfully  with  the  suspension  method  on  account  of  the  dis- 
turbing effects  of  convection  currents  and  viscosity  in  the  sus- 
pending liquid,  and  of  flocculation  of  the  solid  particles.  The 
!)ycnometer  method  is  a  universal  method  if  sufficient  material 
a  few  grams)  is  available.  The  method  is  laborious,  and 
requires  much  skill  and  standardized  apparatus.  The  suspen- 
sion method,  with  the  same  skill  and  care  as  to  the  adjustment 
of  the  instrument  used,  should  yield  equally  accurate  results 
for  much  less  labor,  provided  the  material  may  be  obtained  in 
sufficiently  large  homogeneous  grains. 

The  difficulty  of  convection  currents  in  the  liquid  can  be 
largely  overcome  by  preventing  evaporation  and  by  surround- 
ing the  cylinder  in  which  the  liquid  is  held  with  a  closed  vessel 
of  air  or  water.  The  proper  adjustment  and  standardization 
of  the  specific  gravity  balance  by  means  of  which  the  density 
of  the  liquid  is  obtained  are,  of  course,  essential.  Some  of 
the  more  sensitive  balances  cannot  be  adjusted  and  tested 
without  the  use  of  special  devices  not  furnished  with  the 
balances.  If  properly  adjusted,  the  best  of  these  balances  are 
sensitive  to  0003,  but  errors  in  the  graduation  of  the  beam 
often  amount  to  -001.  The  density  of  a  liquid  may  be  cor- 
rectly determined  within  ifc-001  with  such  a  balance.  If  the 
grains  of  material  suspended  in  the  liquid  are  not  moved  about 
by  convection  currents,  then  the  density  of  the  grains  may  be 
matched  by  the  liquid  much  closer  than  db'OOl.  A  disadvan- 
tage of  the  specific  gravity  balance  is  that  the  column  of  liquid 
must  be  deep  enougn  to  receive  the  sinker;  this  depth  increases 
the  possibility  of  convection  currents. 

An  alternative  method  of  finding  the  density  of  the  liquid 
in  which  the  grains  are  suspended,  which  depends  upon  the 
relation  of  refractive  index  to  density,  has  been  found  to  be 
expeditious  and  accurate.  The  liquid  is  contained  in  the  small 
glass  cell  accompanying  the  standard  refractometers,  and  its 

'  Recently  J.  L.  Andreae  has  described  a  method  of  finding  the  density  of 
suitable  solids  correctly  within  ±-0001  by  suspending  a  fragment  of  the 
solid  in  a  heavy  solution  in  a  dilatometer.  Zeitschr.  phys.  Chem.,  Ixxvi, 
491-496,  1911. 
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refractive  index  is  determined  while  the  grains  are  suspended 
in  it. 

A  liquid  having  as  great  a  range  of  refractive  index  as  pos- 
sible for  a  given  difference  of  density  is  most  advantageous 
for  accuracy.  The  liquid  should  have  also  a  wide  ran^e  of 
density.  Further  requirements  are  convenience  in  attaining  a 
standard  condition,  and  permanency.  Eohrbach's  solution  of 
barium-mercuric  iodide  meets  these  requirements. 

Rohrbach's  solution  as  ordinarily  prepared "  and  as  sold  by 
the  dealers  has  a  maximum  density  of  about  3-5.  To  stand- 
ardize the  liquid  it  is  diluted,  at  a  temperature  of  19®  to  21°, 
with  water,  to  the  density  of  clear  crystals  of  sulphur  (about 
2*07),  or  until  the  refractive  index  for  sodium  light  is  1*510  to 
1*520.  The  solution  is  cleared  of  the  precipitated  mercuric 
iodide,  a  part  is  left  dilute  and  the  remainder  concentrated  by 
evaporation.  But  if  crystals  are  present  in  the  cold  concen- 
trated solution,  enough"  water  should  be  added  to  dissolve 
them,  for  they  differ  in  composition  from  the  liquid  above 
them.  Mixtures  of  these  solutions  thus  prepared  have  a  fixed 
density  (correct  to  zfc'OOl)  for  a  given  index  of  refraction.  If 
desired,  the  concentrated  solution  may  be  diluted  with  water 
if  it  is  stirred  rapidly  to  prevent  precipitation  of  mercuric 
iodide ;  it  is  to  be  noted,  however,  tnat  a  very  slight  precipi- 
tate on  the  bottom  of  the  cell  of  the  refractometer  greatly 
obscures  the  signal. 

The  prepared  Eohrbach's  solution  or  the  materials  for  mak- 
ing it  may  be  obtained  from  the  dealers  sufficiently  pure'  for 
the   preparation   of  the  standard   solution.     As  a  check  the 

Surity  of  the  solution  should  be  tested  by  bringing  it  to  the 
ensity  of  clear  quartz,  2*6495,  and  determining  its  index  of 
refraction  ©  for  sodium  light  at  20°.  This  index  should  be 
1*6208. 

The  relation  of  density  to  refractive  index  of  this  solution 
at  20°  was  found  by  means  of  a  standard  refractometer  giving 
results  correct  to  ±*00015,  and  indicators  of  standard  density, 
correct  to  =t*0015. 

The  results  are  contained  in  Table  I. 

These  results  may  be  plotted  on  coordinate  paper  and  con- 
nected by  a  curve;  or  their  relations  may  be  statea  in  a  simple 

'  By  rapidly  mixing  100  g.  Bala  and  180  g.  Hgia,  adding  20««  of  water,  then 
placing  immediately  in  an  oil  bath  at  150"^  to  160**,  and  agitating  till  boiling 
and  solution  take  place.  The  solution  may  be  prepar^  equally  well  by 
rubbing  the  constituents  together  in  an  evaporating  disk  over  a  hot  water- 
bath. 

•  Barium  iodide  may  be  strongly  colored  by  iodine.  Washing  with  ben- 
zene, xylol  or  ether  will  remove  the  iodine. 

If  the  heavy  liquid  becomes  discolored  it  may  be  cleared  by  shaking  with 
mercury,  Restandardizing  is  not  necessary  unless  the  solution  was  deeply 
colored. 
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empirical  formula  which  g^ves  the  density,*  rf,  between  2*25 
and  3'40  at  20°  with  a  maximum  probable  error  of  d=*002. 

d  =  5-39(n— 1-5467) +  2-26 

which  in  a  simpler  form  is  d  =  5-39n— 6'0865.  For  accurate 
work,  if  the  temperature  is  more  than  3°  from  20°  a  correction 
for  doi  --001  for  each  2°  below  20°  and  of  +-001  for  each 
2°  above  20°  should  be  made. 

Table  I. 

Density  at  20^  C.  Refractiye  index. 

3-449  1-7686 

3-896  1-7690 

3-246  1-7312 

3-180  1-7196 

3-046  1-6944 

2-980  1-6823 

2-748  1-6391 

2-649  1-6207 

2-648  1-6206 

2-367  1-6685 

2-163  1-6320 

2-067  1-5148 

V.  Goldschmidt  *  constructed  a  similar  table  for  a  solution  of 
potassium-mercuric  iodide.  The  standard  solution  is  difficult 
to  prepare  and  maintain. 

At  given  densities  the  observed  refractive  index  varied  with 
the  temperature  as  follows : 

Density.  Refractive  index.         Temperature. 

2-067  {  ;  J 


2-367 

2-748 

C3-449 


•6147 

23 

'5160 

20 

•6696 

14 

►5685 

20 

•6398 

13 

6391 

20 

•7690 

16 

•7686 

20 

In  using  the  cell  with  the  refractometer  it  is  more  conven- 
ient to  use  only  one  part  of  the  vertical  circle  scale.  If 
accuracy  within  ±'002  is  desired,  it  is  then  necessary  that  the 

Srmnla  between  2-0  and  2"25  is  d=5-7n— 6*567,  and  between  8-4 
ffnT3-5  is  d=5-52n-6-313. 
fi  N.  Jahrb.  f.  Min.,  Beil.-Bd.,  i,  234,  1881. 
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accuracy  of  the  refractometer  be  tested,  for  errors  in  the 
adjustment  of  the  cross-hairs  and  of  the  vernier  are  not  compen- 
sated as  they  are  when  both  parts  of  the  circle  are  used.  The 
testing  may  be  done  by  observing  the  error  of  the  instrument 
for  ft>Na  of  quartz,  1*64425.  A  drop  of  the  concentrated  solu- 
tion may  be  used  between  the  cell  and  the  hemisphere.  The 
trouble  from  diffraction  bands  may  be  largely  avoided  by  plac- 
ing a  triangle  of  thread  between  the  cell  and  the  hemisphere. 

Before  hnding  the  density  of  grains  of  a  material  the  grains 
should  be  examined  under  the  microscope  in  a  watch  glass  of 
xylol  or  alcohol  to  make  sure  of  freedom  from  foreign  matter. 
So  little  attention  has  been  given  to  such  an  examination  that 
many  of  the  recorded  densities  of  minerals  which  have  been 
carefully  analyzed  are  in  error  -5  per  cent  or  more.  Greater 
error  is  apt  to  come  from  lack  of  care  in  selecting  material 
than  from  other  causes. 

If  only  the  approximate  densitv  of  a  substance  is  desired,  it 
may  be  found  quickly  by  matchmg  its  density  approximately 
with  that  of  the  heavy  solution,  placing  a  drop  of  the  solution 
on  the  refractometer,  covering  with  a  glass  slip  (to  prevent 
evaporation)  and  determining  the  index  of  refraction. 

GeophyHical  Laboratory, 

Carnegie  InBtitntion  of  Washington, 
Washington,  D.  C,  Oct.  2,  1911. 
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Akt.  XLVI. — Qua/rtz  and  Fluorite  as  Standards  of  Density 
and  Refractive  Index  ;  by  H.  E.  Mebwin. 

For  checking  the  accuracy  and  adjustment  of  instruments 
easily  available  standards  are  desirable.  Such  standards  should 
be  as  nearly  as  possible  independent  of  other  standards. 
Standards  of  density  correct  to  ±*001,  and  of  refractive  index 
correct  to  ±-0001  are  particularly  useful  to  the  mineralogist. 

Pure  water  is  a  most  important  standard,  although  its  prop- 
erties vary  with  temperature  beyond  these  limits  under  ordi- 
nary laboratory  conditions.  The  density  of  water  at  15**  is 
•999;  at  20**  is  -998;  at  25°  is  -997.  Its  refractive  indices 
according  to  H.  Dufet's*  tables  are  as  follows : 


15' 

20' 

25' 

TA 

Na 

Tl 

1-3312 
1-3334 
1-3363 

1-3308 
1-3330 
1-3349 

1-3303 
1-3325  + 
1-3344 

The  effects  of  dissolved  air  and  of  ordinary  impurities  may 
be  neglected. 

There  are  very  few  natural  solids  of  wide  distribution  that 
are  uniform  enough  in  composition  to  serve  as  standards  of  the 
above  specified  accuracy.  Quartz  and  fluorite  approach  such 
conditions. 

The  relative  density  of  twelve  fragments  of  clearest  (juartz 
about  1*^  in  diameter,  from  different  localities,  was  investigated 
by  suspending  the  fragments  in  Thoulet's  solution.  The 
solution  was  brought  to  the  density  of  Brazilian  pebble  quartz, 
then  the  other  fragments  were  put  in.  Only  two  fragments 
differed  sensibly  in  density :  one  was  quartz  from  Herkimer 
Co.,  New  York,  which  slowly  settled ;  the  other,  of  unknown 
locality,  came  slowly  to  the  top.  The  experiment  was  repeated 
with  other  fragments  from  trie  same  localities  with  the  same 
result.  A  balance  of  the  Westphal  type  sensitive  to  -0003 
barely  detected  the  difference  of  density  of  the  solutions 
matching  the  densities  of  the  two  fragments. 

The  density  of  the  Herkimer  Co.  quartz  was  determined  by 
means  of  a  Rueprecht  balance  with  a  Keiman's  plummet, 
which  by  test  was  found  to  displace  5  grams  of  water  at  18°. 
The  riders  were  weighed  and  found  to  be  in  error  less  than 

^  Becneil  de  Donn^es  Nmn^riques,  Optique,  p.  87,  1900. 
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•0015  g.  each,  an  error  which  affects  the  density  determinations 
less  th'an  -0003.  The  beam  was  found  to  be  inaccurate  by  as 
much  as  ±*0007.  After  adjusting  the  balance  to  read  unity 
for  water  at  IS*',  it  read  3-653  for  the  quartz  at  20°.  Reducing 
this  reading  to  true  density  at  20°,  we  obtain  2-6495.  A 
second  determination  with  a  different  combination  of  riders 
gave  2'649.  Standardizing  the  balance  by  means  of  several 
fragments  of  glasses,  the  densities  of  which  had  been  deter- 
mined by  E.  S.  Larsen  in  the  Geophysical  Laboratory,  a  value 
of  2650  was  obtained.  Tiie  density  of  any  one  of  the  twelve 
quartzes  investigated  is  thus  accurately  expressed  by  the  figures 
2-6495  zb-0010.  This  value  may  be  taken  as  the  density  at  20° 
of  clear  quartz  from  wiy  locality.  As  a  check  upon  the 
suspension  method,  L.  U.  Adams  and  E.  B.  Sosman  of  the 
Geophysical  Laboratory  determined  the  density  of  two  of  the 
fragments  of  quartz,  using  the  Principle  of  Arcnimedes.  The 
fragments  weighed  about  30  g.  The  values  found  were 
2-6495  and  2-6496.  By  the  pycnometer,  the  Earl  of  Berkeley* 
obtained,  for  powdered  and  ignited  quartz,  the  mean  value 
2-6486. 

According  to  Fizeau  and  others'  the  decrease  in  the  density 
of  quartz  between  10°  and  30°  amounts  to  about  -001  for  10 
degrees  rise  of  temperature.  At  ordinary  laboratory  temper- 
atures the  density  of  any  clear  colorless  quartz  is  therefore 
2-6495  db  -0010. 

Fragments  of  nearly  colorless  fluorite  from  nine  different 
localities*  in  Europe  and  America,  furnished  to  the  writer  by 
the  United  States  National  Museum,  were  suspended  in 
Rohrback's  solution.*  A  maxnnum  difference  of  density  of 
•001  was  observed.  The  mean  density  as  found  by  the  West- 
phal  balance  was  3*180,  with  a  probable  error  of  it -001. 

The  density  of  three  pale-colored  fluorites  from  different 
localities  was  found  by  Dudenhausen,*  using  the  Principle  of 
Archimedes.  The  values  twice  determined  at  14°  to  16°  all 
came  within  the  limits  3*181  db  *001.  At  20°  this  density,  cal- 
culated from  the  coefficient  of  expansion  of  fluorite  as  given  by 
Kopp,*  is  3-180  rfc  '001.  This  is  the  value  found  by  the  writer. 
Furtner  evidence  of  the  approximate  identity  or  density  of 
various  fluorites  is  found  in  the  uniformity  of  their  indices  of 
refraction. 

•  Jour.  Chem.  Soc,  Trans.,  xci,  60,  1907. 

•  Smithsonian  Physical  Tables,  215-216,  1904. 

•  Durham,  Weardale  and  Camberland  in  England :  Freiberg,  Saxony ; 
Rosiclare,  111.  (from  three  different  occurrences) ;  Macomb  and  Muscalonge 
Lake,  N.  Y.;  Pike's  Peak,  Col.;  Shenandoah,  Va. 

'  The  temperature  of  the  solution  was  kept  constant  within  '8*  by  placing 
the  cylinder  containing  the  bolucion  in  a  covered  vessel  of  water  at  the  air 
temperature. 

•  N.  Jahrb.  f.  Min.,  i,  &-29,  1904. 
'  Pogg.  Ann.,  Ixxxvi,  156,  1852. 
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It  is  of  course  essential  that  fluorite  or  quartz  to  be  used  as 
standards  of  density  should  be  clear.  The  specimens  should 
be  carefully  examined  in  alcohol  or  water  under  the  microscope 
in  order  to  detect  minute  cracks  or  inclusions. 

By  means  of  water,  and  solutions  standardized  by  quartz  and 
fluorite,  the  Westphal  type  of  balance  of  standard  make  can 
easily  be  adjusted  to  an  accuracy  of  ±'0015  for  all  readings. 

Substances  of  standard  index  of  refraction  are  useful  chiefly 
for  adjusting,  or  determining  the  errors  of  the  total  refractom- 
eter.  If  the  indices  of  refraction  of  the  glass  hemisphere  for 
certain  wave  lengths  are  not  known,  they  may  be  calculated 
from  the  value  of  the  observed  angle  of  total  reflection  of  these 
wave  lengths  from  the  surface  of  the  standard  of  known  index 
of  refraction.  If  N  is  the  index  of  "refraction  of  the  hemi- 
sphere, n  that  of  the  standard,  and   a  the  observed  angle, 

then  -.  — =  N. 
sma 

The  refractive  index  of  quartz  has  been  the  subject  of 
repeated  investigations.  Most  of  the  careful  and  experienced 
observers  have  obtained  values  that  are  accordant  within 
zfc  -0001.  The  extreme  values  given  in  Dufet's  tables 
(pp.  427-432)  for  the  ordinary  ray  and  the  sodium  lines  are 
1-5446  and  1*54412.  Reference  to  the  original  papers  shows 
that  few  of  the  observers  have  stated  the  locality  from  which 
their  quartz  was  obtained.  For  this  reason  it  cannot  well  be 
determined  whether  the  index  of  refraction  varies  to  this 
extent  or  whether  the  values  obtained  are  in  error.  Essel- 
bach,"  who  obtained  the  highiBst  value,  considered  the  possi- 
bilities of  error  and  concluded  that  the  high  values  he  obtained 
throughout  the  entire  spectrum  were  probably  due  to  the 
quartz.  Danker"^  obtained  1*5444  for  quartz  from  Middleville, 
Herkimer  Co.,  New  York,  by  total  reflection.  A  comparative 
study  by  the  writer  of  the  index  of  refraction  for  sodium  light 
of  five  quartzes,  one  from  Herkimer  Co.,  JMew  York,  and  one 
of  Brazilian  pebble,  gave,  by  the  Abbe- Pulf rich  total  refractom- 
eter,  an  extreme  difference"  of  -00015.  Each  value  obtained 
represents   the  average  of  32  readings  (16  for  each  of  two 

Eolished  faces)  on  both  parts  of  the  graduated  circle.  The 
ighest  index  was  obtained  from  the  Herkimer  Co.  quartz,  and 
the  lowest  from  the  lightest  quartz  used  in  the  tests  for  density. 
The  accuracy  of  the  adjustment  of  the  refractometer  and  the 
errors  of  its  vernier  and  circle  were  determined  by  observing 
the  angle  of  total  reflection  from  air,  water  at  known  tempera- 
tures, crown  glass,  flint  glass,  and  a  calcium-magnesium  silicate 

*  Pogg.  Ann.,  xcviii,  541-540,  1856. 

•  N.  Jahrb.  f.  Min.,  Beil.-Bd.  iv,  266,  1886. 

^^  Dufet  (BnU.  Min.  Soc.  de  Fr.,  xiii,  274,  1890)  found  about  this  difference 
among  twenty  quartzes — some  deeply  colored. 
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dasa."  The  indices  of  refraction  of  the  glasses  had  been  care- 
fully determined  on  a  standardized  spectrometer,  with  a  prob- 
able error  of  less  than  dc  "00005.  The  index  of  refraction  of 
air  was  taken  as  unity,  and  of  water  at  20®,  1*3330. 

The  five  quartzes  gave  the  following  indices  of  refraction 
for  sodium  light :  Herkimer  Co.  and  Brazilian  pebble  1*5443-, 
three  others  1*5442.  By  the  spectrometer  the  value  found  for 
the  Herkimer  Co.  quartz  was  1*54428  d= '00004. 

Gifford**  has  made  most  precise  measurements  of  the  indices 
of  refraction  of  quartz.  His  values  for  w  are  very  close  to  the 
values  obtained  by  most  observers.  The  indices  of  refraction 
of  various  quartzes,  with  rare  exceptions,  do  not  depart  more 
than  ±  '0001  from  his  values,  which  are  given  here  {Li  and 
Tl  are  interpolated  by  the  writer).  Zi= 1*5415 ;  C= 1*5419+; 
D  =  l*54425-;  rZ=l*5465;E  =  1*5472-;  F =1*5497-.  Accord- 
ing  to  GiflFord  and  others  a  rise  in  temperature  of  17*^  to  20° 
lowers  the  refractive  index  '0001. 

The  refractive  index  of  fluorite  is  an  exceedingly  constant 
quantity;  even  the  colored  varieties"  differ  from  the  clear 
varieties  scarcely  more  than  ±'0002.  From  the  data  in 
Dufet's  tables  (pp.  436-439)  and  in  later  papers"  the  following 
values  have  been  compiled  as  representing  the  index  of  refrac- 
tion of  fluorite  at  20°.  The  probable  error  in  applying  these 
values  to  any  clear  fluorite  is  less  than  ±'0001. 

B 1*4320         Tl 1-4353 

Li 1-4322         E 1-4365 

C 1-4325  F.. 1-4370 

D 1-43386 

8°  to  10°  rise  in  temperature  causes  a  decrease  of  *0001  in 
the  refractive  index." 

Plates  of  fluorite  from  Eosiclare,  111.,  Macomb,  N.  Y.,  and 
Muscalonge  Lake,  N.  Y.,  polished  first  on  block  tin  then  on 
felt  with  rouge,  gave  the  following  extreme  values  with  sodium 
light,  each  the  mean  of  sixteen  readings  of  the  refractometer : 
1*4338+  and  1*4338-. 

Qeophysical  Laboratory,  Carnegie  Institution  of  Washington, 
Washington,  D.  C,  Oct.  2,  1911. 

^*  The  refractive  index  of  the  glass  hemisphere  for  sodium  light  calculated 
from  the  reflection  angles  observed  from  these  standard  substances  was: 
from  air  1*9062,  water  1*9062,  crown  glass  1*9064,  flint  glass  1*9065,  calcium- 
magnesium  silicate  glass  1*9065.  Water  was  most  satisfactorily  used  by 
placing  a  large  drop  on  the  hemisphere  and  covering  it  with  a  glass  slip  to 
prevent  cooling  by  evaporation.  One  edge  of  the  glass  slip  was  slightly  ele- 
vated to  avoid  diffraciion  bands  by  placing  a  bit  of  soft  paper  between  the 
glass  and  the  hemisphere.  A  standard  thermometer  near  the  hemisphere 
gave  the  temperature  of  the  water.  It  was  necessary  to  screen  the  hemi- 
sphere from  the  direct  radiation  of  the  flame  by  a  double  glass  screen,  or  to 
place  the  instrument  at  a  distance  from  the  flame  and  take  the  light  from  a 
laige  condensing  lens. 

»*  Proc.  Roy.  Soc,  (A)  Ixx,  329.  1902.  «  See  ref.  8. 

"  F.  F.  Martens,  Ann.  d.  Phys.  (4F),  viii,  459-465,  1902.  See  also  refs.  6 
and  12. 
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Abt.  XLVII. — On  the  WiUiamsonian  Tribe;  by  G.  R. 
Wieland. 

(A  preparatory  study  published  by  permission  of  the  Carnegie  Institution 
of  WajshingtoD.) 

To  show  how  the  investigation  of  the  Cycadophyta  in  both 
field  and  laboratory,  following  the  elaboration  of  the  flowers  of 
Cycadeoidea  a  dozen  years  ago,  has  established  the  long  prob- 
lematic genus  WiUiamsonia  as  the  type  of  a  great  and  dom- 
inant Mesozoic  group,  to  further  bring  together,  perhaps  for 
the  first  time,  the  data  indicating  the  general  alignment  of  this 
group,  and  to  give  in  plain  form  the  story  of  its  discovery,  with 
its  principal  structural  features  and  something  of  their  bearing 
on  plant  evolution,  is  the  object  of  the  present  preparatory 
study.  Obviously  in  so  dealing  with  an  alliance  in  the  initial 
stages  of  discovery,  it  is  convenient  to  speak  of  it  as  a  tribe  for 
the  very  reason  that  as  used  in  science  this  term  is  an  elastic 
one ;  though  as  here  employed  the  larger  sense  as  an  aggregate 
of  diverse  families,  rather  than  of  genera  or  subfamilies,  is  the 
one  inferred.  Also  the  silicified  cycads  as  named  the  Oycade- 
noidecB  by  Robert  Brown  in  1828  are  arbitrarily  separated  from 
the  family  WilliamsonisB,  Carruthers  1870(5),*  although  no  very 
distinct  Ime  of  demarcation  appears.  And,  too,  in  singling  out 
the  genus  WiUiamsonia  as  the  group  type,  regard  is  nad  only 
for  the  order  of  discovery ;  it  being  important  to  point  out 
that  this  genus  is  by  no  means  the  most  interesting  form, — that 
distinction  unquestionably  belonging  to  Wielaridiella  of  the 
Ehfit  of  Skone,  as  so  ably  and  skilfully  studied  by  Professor 
Nathorst  (21,  25),  by  means  of  the  collodion  film  method 
brought  into  practice  by  him  and  destined  to  play  an  impor- 
tant r61e  in  all  future  study  of  fossil  plants. 

It  is  but  a  few  years  since  it  was  accepted  with  little  thought 
of  question  that  the  common  types  of  Mesozoic  cycadophytean 
leaves  must  all  pertain  to  plants  belonging  to  true  cone  and 
carpellary-leaf  bearing  Cycads  near  to  existing  types,  or  at  least 
to  ancestral  forms  of  strictly  Cycadalean  aspect.  True  enough, 
Williamson  (4),  from  long  study  of  the  specimens  collected  by 
himself  and  his  father  along  the  Hawsker  and  Runswick  cliffs 
of  the  Yorkshire  coast  early  in  the  last  century,  had  reached, 
about  1870,  an  excellent  restoration  of  his  "riddle"  Zamia 
gigas^ — renamed  WiUiamsonia  gigas  by  Carruthers  (5).  But, 
as  Carruthers  had  meanwhile  found,  the  Isle  of  Wight  silici- 
fied trunk  BenneUites  Gibsonianus  had  an  ovulate  fructification 
so  different  from  other  gymuosperms  that  its  characters  sug- 
*See  list  of  authors  cited  given  at  the  end  of  this  article. 
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jested  no  relationship  to  the  imperfectly  known  Williamsonia, 
in  fact  could  scarcely  have  been  fairly  interpreted  short  of  the 
broader  kno^vledge  of  the  past  ten  years.  And  precisely 
because  of  this  very  new  type  of  ovulate  cone  it  was  not  seri- 
ously suspected  that  the  great  majority  of  fossil  cycad  trunks 
bore  fruits  like  it  or  could  be  other  than  ordinary  cone-bearing 
forms.  While  Saporta  (10)  with  all  the  weight  of  authority,  and 
having  in  his  hands  the  splendid  James  Yates  collection  of  Wil- 
liamsonias  brought  to  the  Paris  Museum  by  Brongniart  in  1843 
, — a  collection  the  equal  if  not  the  superior  of  any  that  remained 
on  English  soil — rejected  the  idea  of  any  organic  connection 
between  the  Williamsonian  *'  pyriform  axes  "  and  "  carpellary 
disks,"  and  the  "  Zamia  gigas^  fronds.  In  which  he  was  fol- 
lowed by  most  continental  botanists,  with  various  suggestions 
as  to  the  possible  affinities  of  the  Yorkshire  coast  specimens, 
ranging  from  the  Cordaites-like  Yucciies  to  Orobanche  (9). 

Thus  it  was  that  the  idea  that  complexity  of  structure  might 
lie  hidden  behind  the  great  array  of  Mesozoic  cycad  stems 
and  leaves,  failed  of  development  and  study,  and  came  to 
receive  but  scant  mention  in  paleontologic  texts.  And  so 
rested  the  subject  until  the  structure  of  the  Cycadeoidea  flow- 
ers was  at  last  elaborated  from  the  American  specimens,  and 
the  true  position  of  WiUiamsonia  as  the  representative  of  a 
slender-stemmed  family  closely  related  to  the  CycadeoidesB, 
made  apparent  (12).  While  at  the  present  time  collateral  evi- 
dence has  so  accumulated  that  nothing  in  Paleobotany  is  more 
clearly  established  than  that  a  great  complex  of  WiUiamsonia- 
like  plants,  including  other  families  yet  to  be  determined, 
spread  over  the  earth  in  the  Mesozoic.  As  Scott  has  said,  the 
application  of  comparative  criteria  may  lead  one  to  the  con- 
clusion that  thirty  to  forty  thousand  of  these  species  existed  in 
Mesozoic  times.  Moreover,  every  year  that  goes  by  strength- 
ens the  view  that  of  all  post-Paleozoic  gymnosperms  the  type 
represented  by  WiUiamsonia  is  the  one  most  generalized, 
plastic,  and  capable  of  floral  variation. 

For  as  is  now  so  clearly  discerned,  the  silicified  trunks  of 
the  near  family  Cycadeoidese  are  simply  the  bizarre  relatives 
capable  of  fossilization  as  entire  plants  with  their  flowers  con- 
served in  that  exquisite  perfection  which  has  so  advanced  our 
knowledge  of  cycad  structure  and  growth.  They  are  the 
structural  key  to  their  race,  failing  which  it  would  not  have 
been  possible  to  decipher  even  by  the  more  refined  methods  of 
fossil  imprint  and  cast  study  developed  in  the  past  few  years, 
either  the  true  floral  structure  of  WiUiamsonia  or  the  full 
extent  of  its  cycadotilicalean  relationship.  But  this  great 
service  once  rendered,  the  silicified  series  wholly  fails  of  the 
extended  interest  of  the  allied  casts  and  imprints,  amongst 
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which  lies  our  great  hope  of  future  discovery  not  only  of  crit- 
ical anatomic  features,  but  eventually  of  the  ecology  and  larger 
history  of  the  Cycadophyta.  In  short  the  narrow  structural 
range  of  the  silicined  tininks,  well  nigh  expressable  in  the  terms 
of  a  single  genus,  is  only  what  might  be  hypothesized  from  the 
features  of  a  single  species  like  vycadeoidea  dacotensis^  were 
it  the  only  known  form.  These  are  but  the  stereotyped  termi- 
nal forms  of  a  side  branch  from  a  great  plastic  and  dominant 


Fig.  1. 


Fig.  1.  Map  of  ibe  globe  showing  the  principal  RhKt-Liassic  localities 
yielding  WilUamsonian  foliage  and  fructifications.  Various  scattered  Liassic 
and  other  mid-Mesozoic  areas  in  Europe,  America,  Madagascar,  and  elsewhere, 
are  not  indicated  ;  though  some  of  these,  as  for  instance  the  Liassic  of  Italy 
(Zigno),  yield  important  fossil  floras. 

This  map  as  modified  from  Seward  (26)  shows  the  notable  chain  of  local- 
ities on  the  Pacific  coast  of  the  Americas  with  the  newly  discovered  Oaxacan 
region  in  the  same  latitude  as,  and  on  the  exact  opposite  side  of  the  globe 
from  its  nearest  analogue,  in  the  Rajmahal  Hills  and  Gondwanas  of  India. 

[References :  Localities  1-13  in  Seward  (26) ;  14  cf.  (3),  15  cf .  (22)  and  (27), 
16  cf.  (11),  17  cf.  (13).] 

Erecursor  race  unquestionably  including  the  vast  bulk  of 
iycadophytean  vegetation  from  the  earliest  Triassie  to  mid- 
Cretaceous  times.  We  thus  see  in  the  Williamsonise  the 
representatives  of  a  vast  Mesozoic  plexus  derived  from  a  Paleo- 
zoic quasifem  ancestry  in  which  pro-angiospermous  characters 
are  ever  surely  and  obviously  engrafting  themselves.  And  we 
conceive  this  plexus  to  contain  many  discoverable  forms  of 
great  variety  in  size,  foliage,  branching,  and  floral  types  dis- 
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playing  every  phase  of  monoecism,  dioecism,  and  bisexuality, 
coupled  with  a  continuous  series  of  sporophyll  reductions,  ster- 
ilizations, and  increasing  flower  output. 

The  stems  and  leaves  of  this  great  series  considered  merely 
as  typical  and  cosmopolitan  cyca<l  vegetation  (cf.  Map,  fig.  1), 
of  course  held  scant  interest  for  the  biologist;  though  now 
that  to  initial  knowledge  of  the  sporophylls  has  been  added  a 
complementary  knowledge  of  the  cycadofilicaleans,  no  one  may 
set  boundaries  to  the  harvest  of  new  fact  certain  to  be  yielded 
by  the  Cycadophyta  year  by  year. 

But  while  enumerating  these  new  fields  for  exploration  and 
reciting  recent  Williafnsonia  discoveries,  it  is  of  more  than 
merely  retrospective  interest  to  further  show  how  truly  rich 
some  of  the  earlier  Williamsmiia  collections  from  the  York- 
shire coast  really  were.  And  this  we  may  readily  do  by  illus- 
trating in  their  order  a  series  of  ovulate  specimens  originally 
forming  a  portion  of  the  celebrated  James  Yates  collection, 
but  now  transferred  to  the  Yale  Museum  collections  by  the 
Curators  of  the  Paris  Museum.  This  interesting  illustrative 
series,  of  historic  as  well  as  structural  interest,  forms  a  nearly 
indispensable  complement  to  the  Yale  collection  of  Cycade- 
oideans  which  it  had  become  a  special  aim  to  secure ;  and  as  a 
just  equivalent  there  was  turned  over  to  the  collections  of  the 
Jardin  des  Plantes  a  unique  quadruply  branched  trunk  of 
Cijcadeoidea  Marshiana  of  large  size, — probably  the  only 
distinctly  branched  specimen  of  its  kind  in  uny  European 
museum.  In  addition,  I  ani  enabled  through  the  unfailing 
courtesy  of  the  French  curators  to  present  figures  of  several 
other  characteristic  specimens  of  the  Yates  collection  of  much 
interest  as  being  the  forms  with  Yuccites-like  features  (figures 
2  and  11^1)  which  reasonably  explain  the  earlier  variant  views 
of  the  WlUiainsonia  habitus.  But  before  turning  to  these 
interesting  specimens,  we  may  briefly  consider  the  stems  and 
then  the  foliage  of  Williamsonian  types,  progress  in  the  study 
of  the  group  now  fairly  permitting  this  normal  order. 

Trunks  of  Williamsonioe,     (Figures  2-4.) 

So  far  as  critical  details  go  knowledge  of  Williamsonian  wood 
types  has  not  kept  pace  with  that  of  either  the  foliage  or 
flowers,  despite  the  fact  that  more  or  less  imperfect  casts  and 
imprints  of  various  kinds  of  stems  are  of  constant  occurrence  in 
the  cycad-yielding  terranes.  Williamson  early  noted  slender 
stems  of  cycadaceous  character  accompanying  the  Zamites 
giyas  fronds  and  fruits  of  the  Yorkshire  coast  so  persistently 
as  to  justly  lead  him  to  the  conclusion  that  these  remains. 
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though  seldom  or  almost  never  seen  in  organic  connection, 
must  represent  one  and  the  same  plant  (4) ;  while  Feistmantel 
(7)  found  other  yet  slenderer  stems  witii  short  nodes  of  smaller 
scars  regularly  distributed  along  the  stem,  always  closely 
associated  with  the  line  Wiliiamsonian   buds  and   foliage  of 

Fig.  2. 


Fio.  2.  Williamsonia  (?).  About  half  natural  size. 
Stem  fragment  enveloped  in  linear  leaves  of  Cordaites-like  aspect  rather 
than  that  of  either  scale  leaves  or  bracts.  Doubtless  a  member  of  the  Wil- 
liamsonisB  of  Yucca-like  aspect,  the  generic  attribution  of  which  remains  un- 
certain. (Paris  Museum  specimen.  Collection  Yates  from  the  Yorkshire 
Coast  Oolite,  Cliffs  of  Hawkserand  Runswick ;  obtained  by  Brongniart,1843.) 

the  Gondwanas  of  India,  as  had  Oldham  and  Morris  at  an 
earlier  day  (8^).  And  later  Nathorst  satisfactorily  established 
the  unity  of  the  slender,  much-branched,  Anomozamites-Wkoi 
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fronds,  and  fruits  of  Williamsonian  affinity,  recovered  from 
the  Rhat  of  Skene.  First  restored  as  a  Williamsoiiia  (14), 
this  interesting  plant  as  it  since  transpires  from  renewed  study 
by  the  collodion  method  (21),  has  a  staminate  form  quite  as 
much  reduced  as,  or  even  comparable  to  that  of  Tumhoa^ 
necessitating  the  new  genus  Wielandiella. 

More  recently  still,  the  validity  of  these  determinations  of 
leaf  and  stem  unity  based  mainly  on  data  of  association,  has  been 
strongly  confirmed  by  the  writer's  discovery  of  the  recurrence 
in  the  Rhat-Liassic  of  the  so-called  "  Mixteca  Alta"  of  Oaxaca 
in  southern  Mexico,  of  precisely  the  same  association  of  stems, 
leaves  and  WiUiamsonia  buds  as  in  the  Gondwanas  (22, 27).  In 
fact  the  general  features  of  the  Indian  specimens  are  so  nearly 
repeated  that  Feistmantel's  figures  would  well  nigh  answer  for 
their  Oaxacan  counterparts  as  shown  in  fig.  4  C,  Similarity 
even  extends  to  the  stem  nodes  of  vertically  compressed  scars, 
a  most  interesting  feature  completely  establishing  relationship 
with  WielandielTay  in  which  such  nodes  are  also  present  and 
must  be  due,  since  we  know  both  the  ovulate  and  staminate 
fructification,  to  scars  left  by  old  leafy  crowns  or  to  bract 
whorls  enveloping  the  terminal  branch  and  fruit  buds  follow- 
ing stages  of  vegetative  growth."*^ 

*  The  argnment  for  the  Williamsonian  nature  of  these  stems  rests  on  their 
notably  close  and  persistent  association  with  WiUiamsonia  foliage  in  India 
and  Mexico,  and  the  presence  of  the  nodes  of  closer  set  horizontally 
elongated  scars  as  in  Wielandiella.  These  nodes  were  noted  by  both  Oldham 
and  Morris  and  Feistmantel  (86),  both  of  whom  give  figures  clearly  showing 
the  characters  of  these  stems.  Oldham  and  Morris  in  particular  seem  never 
to  have  doubted  their  cycadaceous  [and  therefore  Williamsonian  1]  nature, 
since  always  found  with  Ptilophyllum  and  Dictyozamites  (Dictyopteris) 
foliage.  But  Feistmantel,  though  likewise  supposing  such  stems  to  be 
cycadaceous  and  Williamsonian,  has  in  one  instance  (ref.  8,  plate  xiii,  figs. 
6  and  7)  figured  slender  forms  as  Brachyphyllumj  from  which  there  is  a  real 
difficulty  of  separation,  it  not  being  wholly  certain  that  the  nodes  seen  to 
be  characteristic  of  forms  like  those  shown  in  figure  4  (>i,  n)  are  either 
present  in  most  Williamsoniae,  or  absent  in  all  Brachyphylloideae. 

Indeed  because  of  certain  Cordaites-like  characters  common  to  both  these 
groups  such  difficulty  of  separation  may  even  be  expected  to  increase  with 
the  finding  of  new  and  more  varied  forms.  Though  setting  anatomic  char- 
acters aside  it  would  tax  belief  to  now  regard  the  node-bearing  group  of 
stems  as  mainly  Brachyphylloid  instead  of  Williamsonian,  in  which  case 
leaves  and  fruits  only  of  the  latter  type  would  uniformly  accompany  stems 
only  of  the  former  in  such  widely  separated  localities  as  the  YorkHhire  coast, 
India,  and  Mexico.  Such  anomalies  of  conservation  and  association  may  be 
possible,  but  appear  improbable. 

Regarding  the  nodes  of  laterally  broadened  and  smaller  scars  alternant  with 
the  long  intemodes  of  large  vertically  elongate  and  keeled  rliombic  scars 
sever^  explanations  may  be  offered.  But  it  appears  from  Nathorst's  study 
of  Wielandiella  (14)  and  the  Paris  Museum  stem  with  leaves  attached 
figured  by  Wieland  (20),  that  the  long  intemodal  spaces  were  occupied  by 
scale-leaves,  the  old  bases  of  which  thus  really  form  quite  three-fourths  of 
the  thin  armor.  The  general  habitus  is  near  to  that  of  Cycas,  which  fully 
explains  why  such  stems  have  been  hitherto  regarded  as  Cycadacean. 
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In  addition  the  Oaxacan  localities  yield  three  other  stem 
types  presumably  all  generically  distinct,  one  being  nearly  like 
the  Williamsonia  forms  of  the  Yorkshire  coast,  one  a  heavy 
columnar  type,  and  the  third  slender  branching  forms  presuma- 
bly more  like  Wielandiella^  accompanied  by  small  Otozumites 
leaves  in  an  association  leaving  slight  doubt  tiiat  an  entire  plant 
is  represented. 

Fig.  3. 


Fig.  3.     Williamsonia  sp.      x  1/3  nearly. 

A  branching,  scale-leaf  covered  stem,  or  possibly  stem  and  peduncle,  on  a 
slab  bearing  fragmentary  cycad  and  other  foliage.  (Cliffs  of  Hawkser  and 
Rnnswick,  1843  or  earlier.     James  Yates  Coll.). 

To  this  general  evidence  there  can  be  added  but  two 
recorded  instances  of  organic  union  of  stem  and  leaves, — the 
Gondwana  stem  with  heavy  concentric  wood  rings,  noted  by 
Seward  as  having  Ptilophylhtm  cutchense  leaves  attached,  and 
the  famous  stem  of  the  Paris  Museum  Yates  collection  with 
Zamites  gigaa  fronds  attached,  as  figured  by  the  writer  several 
years  ago  (20).  But  save  these  general  facts  gleaned  from 
evidence  of  association  as  borne  out  by  rare  instances  of 
organic  connection,  and  not  once  clearly  extending  to  stnic- 
ture,  air  direct  knowledge  of  Williamsonlan  stems  suddenly 
stops  and  stubbornly  awaits  the  discovery  of  silicified  forms,  or 
at  least  the  elaboration  of  some  better  carbonized  parts  than  have 
so  far  been  seen.  Such  in  the  hands  of  some  shrewd  worker 
using  the  Nathorst  collodion-method,  or  the  Hollick  and 
Jeffrey  staining  and  imbedding  method,  may  perhaps  suffice. 
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Aside  from  these  meager  results  in  the  field,  which,  except 
for  the  proof  of  the  occurrence  of  the  small,  much  branched 
and  quite  certainly  plastic  types  like  Wielandiella^  really  go 
no  further  than  to  show  the  presence  of  just  the  surface  details 
one  would  expect  to  find,  one  step  further  can,  however,  be 
made.  It  is  now  possible  to  add  a  most  important  inference  as 
to  the  possible  nature  and  variety  of  Williamsonian  stem  struc- 
ture.    It  will  be  recalled  that  the  Gondwana  stem  lust  men- 


Fio.  4. 

B 


Fig.  4.  WiUiamsonian  stem  types  of  the  characteristic  form  always  fouDd 
most  closely  associated  with  the  Williamsonia  fmits  of  the  Yorkshire  and 
Scottish  coasts,  India,  and  Mexico,  and  hitherto  supposed  to  indicate  more 
Cy cos  like  forms,  with  carpellary  leaves. 

n,  n,  the  WielandieUa-like  nodes  of  leaf-base  scars,  the  vertically  elongate 
intervening  scars  supposedly  being  those  of  scale-leaves.  Cf.  fig.  1,  which 
appears  to  be  of  different  type  rather  than  a  huge  peduncle  or  fruit-bearing 
stem. 

{A)  Bucklandia  MUlerfana  Cart,  x  3/10.  Brora,  Sutherlandshire,  Scot- 
land.    From  Carruthers  (5). 

(B)  Bucklandia  (Yatesia)  Joassiana  (Catt.).  x8/10.  Brora,  Sutherland- 
shire, Scotland.     From  Carruthers  (5). 

(C)  Williamsonia  sp.  x  3/5.  Typical  stem  from  the  RioConsuelo,  Oazaca, 
Mexico. 

[All  of  these  stems  have  been  observed  to  branch  dichotomously  like 
WielandieUa.     They  differ  distinctly  from  Fittoniaj  which  is  a  Cycad^oidea. 

tioned  as  having  Ptilophylkim  cutcheiise  leaves  attached  has, 
as  figured  by  Seward,*  a  decidedly  heavy  wood  zone  marked 
by  a  certain  appearance  or  simulation  of  seasonal  wood,  and 
also  that  the  writer  in  his  American  Fossil  Cycads  (PI.  XIV) 
gave  a  photographic  representation  of  a  Black  Hills  Cycdde- 

*  Seward,  A.  C,  Catalogue  of  Mesozoic  Plants  in  the  British  Museum, 
Part  I,  the  Jurassic  Flora  of  the  Yorkshire  Coast.  Page  194,  fig.  30.  [Old- 
ham and  Morris  also  mention  such  Indian  stems  as  silicified.] 
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oidea  stem  with  a  similar  though  far  heavier  wood  zone,  and 
a  very  narrow  cortex.  But  in  both  cases  the  structure,  though 
apparently  a  sharp  departure  from  the  ordinary  type  of  col- 
lateral woody  wedge  cylinder  almost  universal  in  the  cycads 
hitherto  observed,  was  left  in  doubt.  Now,  however,  it  has 
been  found  from  the  simultaneous  examination  of  thin  sections 
of  the  Black  Hills  trunk  figured,  and  of  the  ''coal-balT^  Cor- 
daitean  trunk  Mesoxylon  (24,  28)  that  the  wood  of  these  forms 
is  strikingly  alike.  Tims  those  who  have  seen  Mesoxylon  will 
recall  that  though  a  solid  stem,  it  also  has  a  decided  simulation 
of  growth  rings  which  largely  disappears  under  the  microscope 
and  is  there  found  to  be  due  to  some  areal  variation  in  resin 
content,  or  to  staining  during  mineralization ;  and  precisely 
the  same  condition  is  present  in  the  Cycadeoidea  stem. 

That  is  to  say,  the  wood  of  the  Cycadeoidean  [and  William- 
sonian] stems  was  at  times,  even  in  the  more  robust  types,  not 
only  as  heavy  as  that  of  Cordaites^  but  exhibited  the  same 
compact  structure ;  thus  permitting  the  open  habitus  of  plants 
with  small  freely  branching  stems,  thin  cortex,  and  hnally, 
excision  or  non-retention  of  old  leaf  bases,  as  in  the  conifers. 
And  from  this  notable  approximation  of  Cycadeoidea  to  Cor- 
daitea^  taken  with  the  known  occurrence  of  small  stemmed 
forms  and  the  even  more  significant  complementary  fact  that 
following  the  seed  fern  stem  types  of  the  Paleozoic  there  is 
that  long  series  of  Mednllosan  stems,  it  may  be  deemed 
virtually  proven  that  the  Williamsonian  stem  had,  as  a  rule,  a 
fairly  compact  wood  zone  and  that  it  was  normally  slender  and 
branching,  and  in  the  smaller  thin-barked  armorless  forms 
could  very  readily  be  mistaken  for  coniferous  types.  At  least 
it  may  be  expected  that  when  the  discovery  of  a  more  extended 
series  of  Williamsonian  stems  does  finally  come,  solid  types  of 
wood,  even  those  with  annual  rings,  will  prove  abundant, 
rather  than  the  lax  lattice  of  collateral  bundles  as  developed  in 
the  Cycadacese,  and  most  Cycadeoidece,  It  is  becoming  evi- 
dent enough  that  instead  of  being  representative  of  the  Cycad 
vegetation  of  the  past,  these  robust  stems  with  thin  wood,  an 
immense  medulla,  and  heavy  persistent  armor,  are  exceptional 
to  the  point  of  abnormality.  They  do  not  represent  the  char- 
acteristic type  of  cycad  vegetation  in  the  past,  which  is  reason 
enough  for  their  relatively  rare  occurrence  in  ancient  rocks. 

Foliage,     (Figure  6.) 

Admittedly  the  greatest  bar  to  progress  in  the  study  of 
Williamsonian  forms  arises  from  the  extreme  difficulty  of 
homologizing  the  abundant  isolated  cycadophytean  foliage  and 
fruits,  as  usually  associated  not  only  with  other  fragmentary 
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and  distantly  related  plants,  but  with  conifers,  the  last  of  the 
seed  ferns,  persistent  Cordaitaleans,  and  yet  other  little  known 
relatives  of  these  gyranospermous  types.  As  every  collector 
knows,  the  utmost  circumspection  barely  suffices  in  drawing 
inferences  from  association  of  isolated  organs  of  fossil  plants  ; 
when  behind  a  thickness  of  a  few  centimeters  in  a  sedimentary 
plant-bearing  rock,  or  a  mere  joint  or  separation  plane,  may  lie 
the  hidden  change  of  a  river  bed  and  cutting  away  of  a  bank 
in  a  different  plant  community,  or  perchance  a  year  of  time 
with  its  change  of  winds  and  uprooting  storms,  indeed  with 
such  factors  added  to  the  infrequency  of  joined  stems  just 
noted,  absolute  proof  of  leaf,  stem  and  fruit  unity  is  so  dif- 
ficult to  establish  that  the  claim  for  a  great  extent  of  the  Wil- 
liamsonian  alliance  might  even  excite  the  derision  of  one  who 
has  not  seen  the  field  and  studied  the  recurrence  of  species  in 
widely  separated  localities.  Not  to  forget  how  but  recently 
all  true  Paleozoic  ferns  threatened  to  vanish  before  an  onslaught 
of  Cycadofilicaleans. 

Yet  the  recent  field  work,  especially  on  the  Yorkshire  coast 
(21,  25)~and  in  the  newly  discovered  Mixteca  Alta  localities 
(22,  27) — has  minimized  these  difficulties  more  than  might  have 
been  anticipated,  and  will  still  further  do  so.  The  argument 
for  a  heavily  preponderant  Williamsonian  element  in  tlie 
cycadophytean  foliage  of  the  Mesozoic,  with  a  lesser  Cycade- 
oidean  series  and  a  nearly  negligible  cycadacean  representation, 
is  chiefly  one  of  analogy  and  association.  The  two  main  points 
are  : 

Firstly :  The  only  known  Mesozoic  cycad  stems  with  leaves 
attached  are  cycadeoidean  and  Williamsonian  ;  and  now  that  it 
is  seen  that  the  nodes  of  lesser  scars  in  forms  like  WielandieUa 
as  well  as  Yatesia^  and  Bucklandia  (fig.  4)  do  not  necessarily 
indicate  a  succession  of  scales  and  carpellary  leaves,  scarcely  a 
single  Mesozoic  cycad  stem  is  left  free  from  the  suspicion  of 
belonging  to  the  Williamsonise.  Just  as  all  the  silicified  trunks 
finally  proved  to  belong  to  the  Cycadeoidese,  so  now  either  that 
family  or  the  Williamsonian  tribe  threatens  to  absorb  the  entire 
series  of  stem  imprints  and  casts.  In  fact  Mesozoic  stems  indis- 
putably belonging  to  the  Cycadaceae  are  most  difficult  to  cite, 
It  being  on  the  contrary  the  generalized  and  far  more  varied 
Williamsonian  types  along  witn  the  earlier  Medullosan  forms 
that  appear  to  be  ubiquitous. 

Secondly:  The  recurrence  and  association  of  strobili  and 
fronds  is  strikingly  the  same  on  the  Yorkshire  coast,  in  India 
and  in  Mexico.  And  while  in  each  of  these  great  William- 
sonian fruit-yielding  regions,  the  fossil  plant  series  is  a  most 
varied  one,  carpellary  leaves  and  cones  of  Cycadacese  are 
exceedingly  rare  or  absent.     Nor  are  they  ever  abundant  in 
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the  other  cycadophytean  frond-yielding  localities  of  the  globe 
(ef.  Map,  fig.  1)  in  most  of  which  it  is  ratlier  to  be  expected 
that  the  Williamsonian  fruits  remain  to  be  collected.  Whence 
the  evidence  from  the  side  of  the  fruits  precisely  bears  out  that 
from  the  stems. 

And  that  the  inference  just  reached  is  valid,  is  further 
attested  by  some  of  the  lesser  results  of  the  field  work  of  the 
past  ten  years.   Thus  Nathorst  and  Halle  on  the  Yorkshire  coast, 

Fig.  5. 
B  A 


Fig.  5.     FoUage  types  of  WilUamsoniaB. 

A.  Williamsonia  gigas.  x  1/5.  Superior  surface  of  frond  showing  ob- 
lique insertion  of  pinnules  with  upper  and  basal  angles  free.  Also  portion 
of  frond  of  the  pygmic  species  W.  pecten  (Phillips). 

B.  Pterophyllum  sp.  Trias  of  Guilford,  Conn.  Frond  type  with  linear 
insertion  of  pinnules  near  midline.    Slightly  reduced. 

and  the  writer  in  the  Mixteca  Alta,  have  added  perhaps  a  dozen 
species  to  the  Williamsonia  ovulate  cone  series,  and  shown 
tne  immense  fossil  wealth  of  the  new  quarries  located  in  both 
regions;  though  as  we  see  true  Cycadaceae  remain  quite  as 
scarce  as  before.  In  fact  it  lends  no  little  emphasis  to  observe 
that  amongst  all  the  Williamsonia  collections  made  in  Oaxaca, 
there  occurs  just  one  single  group  of  carpellary  leaves,  poorly 
conserved,  but  with  the  medium  sized  seeds  plainly  indicating 
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a  species  of  Cycas^  while  no  cycadaeean  cones  whatever  were 
recovered. 

But  precisely  because  there  is  mixed  alignment,  we  must  not 
go  beyond  the  data  of  inference  accurately  enough  applying  to 
cycad  vegetation  in  bulk,  and  arbitrarily  declare  a  given  genus 
with  all  its  species  to  be  Williamsonian.  Moreover,  it  must  be 
equally  obvious  that  in  strong  contrast  to  the  non-determina- 
tive or  non-taxonomic  results  of  the  past  fifty  or  more  years, 
the  generic  and  family  groupings  are  destined  to  soon  undergo 
much  and  even  rapid  change.  Indeed  the  Greenland  form 
Cycaa  Steenstrupi,  so  long  familiarly  cited  as  a  true  boreal 
Cycas^  has  already  been  found  by  Nathorst  to  represent  a 
hitherto  unsuspected  new  genus  Pseudocycan  of  uncertain 
family  reference ;  while  Zamia-like  leaves  have  been  found 
closely  associated  with  carpophylls  (American  Fossil  Cycads, 
reference  104). 

If  we  call  to  mind,  however,  the  comparative  paucity  of 
cycads  of  any  kind  in  the  Tertiary,  and  the  certainty  that  very 
few  Williamsonias  pcu^sed  beyond  the  Cretaceous,  it  does  seem 
a  fair  inference  that  these  latter  not  only  made  up  tlie  great 
bulk  of  Mesozoic  cycadophytean  vegetation,  but  that  contrary 
to  all  previous  views,  true  CycadacesB  have  never  been  mark- 
edly more  abundant  in  species  at  any  time  in  the  past  than 
they  are  to-day. 

Briefly  told  there  are,  omitting  aberrant  little-known  forms 
like  the  bipinnate  Cte7ii8^  and  the  older  CordaitesAike  forms, 
about  a  dozen  more  or  less  indefinitely  separable  genera  of 
representative  Cycadophytean  leaves  with  either  direct  or 
analogic  evidence  of  Williamsonian  aflinity.  Their  general 
foliar  relations,  culmination  and  extinction,  may  be  simply  set 
forth  as  in  the  two  subjoined  tables : 

I.     27ie  WiUiamaonian  Alliajice, 


Pterophyllum  Series :  Zamites  Series  : 

(Hnnule  base  entire)  (Pinnnle  base  contracted) 


Pterop/iylltim  Podozamites  Sphenozamites 

Pioonites  (?)  '  Ptilophyllum  Glossozamites 

NiUsonia  (?)  \  Zamites  Sewardia 

Wielandiella  ,  Otozamites  Pictyozamitea 
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II.    WiUiamaonian  Culmination  and  Extinction, 


Cretaceous 
L.         M.        U. 


PterophyUum  . 

Zamites 

Podozamitea 
Dioonites .  . 

Wielandiella  . .  i X 

NiUaonia • X 

Glossozamites  J 

Sewardia I 

Otozamites  . . . .  j ^    X    | , |    -> 

Sphenozamites  .| \    .^ 

Ptilophyllnm  ..i I ;    X        -> 

Dictyozamites  J \    X 


As  far  as  fossil  preservation  goes,  Pterophyllxim  and  Zamites 
are  the  representative  ancient  lines,  with  Sphenozamites  as  a 
relative  merely  characterized  by  oddity  of  leaf  form.  And 
these  old  lines  pass  on  to  add  their  quota  to  the  great  William- 
sonian group  of  the  Rhsetic,  the  period  of  most  rapid  evolution. 
Culmination  occurs  in  the  lower  Jura;  while  extinction  begins 
in  the  middle  Jura  and  progresses  steadily  to  the  upper  Creta- 
ceous, where  the  Cycadeoideas  also  find  their  final  repesentation 
in  both  Europe  and  America. 

Were  tabulation  extended  to  the  one  hundred  or  more 
species  referred  to  the  twelve  listed  genera,  the  origin  and 
extinction  curve  might  likely  remain  quite  the  same  as  when 
the  genera  alone  are  considered  ;  though  any  such  fuller  elabo- 
ration of  the  data  of  species  must  remain  in  abeyance  nntil 
considerable  comparative  work  with  better  collected  and  pre- 
pared specimens  m  hand  has  given  generic,  to  say  nothing  of 
specific  determination  the  needed  accuracy.*  That  such  ex- 
tended and  accurate  study  of  the  species  must  finally  reveal 
further  relationships  as  well  as  ecologic  factors  of  deep  inter- 
est, can  hardly  be  doubted. 

Naturally  enough,  aside  from  the  question  of  precise  specific 
determination,  field  work  has  not  reached  that  advanced  stage 
when  much  emphasis  can  be  placed  on  the  last  reputed  occur- 
rence of  even  the  better  known  genera.     So  that  it  would  be 

*  For  instance,  the  genus  Glossozamites  is  by  no  means  so  isolated  as  might 
usuaUy  be  inferred.  Since  the  superb  fronds  from  the  copper  mines  near 
Abiquiu^  Rio  Arriba  County,  New  Mexico,  caUed  by  Newberry  (3)  Otozamites 
Macombiif  are  very  near  to  Glossozamites  zitteli  Schenk,  being  indeed  a  tran- 
sitional form  between  the  latter  species  and  Otozamites. 
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singular  indeed,  if  pei'sistent  forms  were  not  reported  from 
time  to  time,  forms  bearing  the  same  simple  longevous  rela- 
tion to  an  ancient  and  cosmopolitan  race,  as,  for  instance,  the 
New  Zealand  "  Tuatara"  bears  to  the  Triassic  Rhyncocephalia. 
Accordingly^  even  after  granting  full  validity  of  determina- 
tion,  no  more  than  a  casual  interest  can  attach  to  the  reported 
occurrences  of  Triassic  and  mid- Mesozoic  forms  like  ^ilsso- 
nia  in  the  Eocene^  least  of  all  in  far  northern  regions  long  a 
favored  hypothetic  home  of  early  dicotyls. 

Bnt,  on  the  other  hand,  the  fossil  plant  record  is,  we  con- 
tend, sufficiently  well  known  to  draw  the  main  conclusions  as 
to  culmination  and  extinction  in  the  case  of  a  large  and  cos- 
mopolitan group  like  these  cycads.  Nor  is  there  anything  in 
all  the  paleontologic  record  more  impressive  than  the  manner 
in  which,  following  the  steady  disappearance  of  seed  fern  and 
Medullosan  types,  the  Williamsonian  alliance  quickly  spread 
over  the  earth  and  then  "  disappeared  "  before  the  invasion  of 
the  Angiosperms. 

With  a  few  further  remarks  on  what  is  conceived  to  be  the 
older  type  of  Cycadophytean  leaf  and  its  possible  variation  in 
the  direction  of  net-veined  leaves,  we  shall  be  ready  to  show 
the  range  of  fructification  so  far  determined  in  the  Williara- 
sonias. 

There  is  excellent  reason  for  saying  that  the  most  ancient 
type  of  Cycadophytean  leaf  was  of  more  or  less  Marattiaceous 
aspect.  At  least  Cycadoiilicalean  foliage  is  of  this  general 
appearance ;  though  ultimate  relationship  to  other  gymno- 
sperms,  especially  the  Cordaitales,  and  eventually  even  to 
Angiosperms,  must  also  have  found  clear  expression  in  the 
foliage  of  the  later  Paleozoic.  However,  a  possible  transition 
from  these  earlier  members  of  the  ancestral  line  in  the  direc- 
tion of  Pterophyllum  and  WielandieUa  is  suggested  by  old 
bladed  types  like  Oleandra^  Oleandridium^  and  perhaps  early 
Nilssonias — that  is,  if  outward  and  general  form  only  are  had 
in  mind.  For  while  on  the  one  hand  the  Tseniopterid  series 
approaches  very  near  to  Nilssonia^  the  latter  may  on  the  other 
include  quite  diverse  elements. 

But  while  as  we  see  the  Cycad  leaf  type  was  fully  differ- 
entiated even  in  the  Permian  and  earlier,  and  reached  variety 
within  its  somewhat  stereotyped  limits  in  the  Trias,  the  rela- 
tion of  leaf  genera  to  chronology  has  not  been  worked  out  with 
sufficient  exactness  to  serve  in  Mesozoic  stratigraphy,  save  in 
the  most  general  manner.  In  fact,  we  have  confronting  us  a 
great  plexus  of  leaves  exhibiting  every  gradation  from  laminar 
to  pinnate  and  bipinnate  form8,with  venation  varying  from 
parallel  through  the  commoner  dichotomous  to  long  and  finally 
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anastoinosely  netted  forms,  a  series  which  so  far  baffles  resohi- 
tion  with  respect  to  time.  Though  surely  a  transition  from 
the  old  Cycadofilicalean  alliance  with  tri-  and  even  quadripin- 
nate  fronds  to  the  Cycadacese  and  also  to  net-veined  leaves, 
must  be  somewhere  involved  in  the  origins  of  the  types  already 
known.  It  is  plainly  the  more  stereotyped  cycad  and  conifer- 
ous genera  that  now  survive;  in  both  groups  the  sameness  of 
foliage  is  but  the  expression  of  stability,  and  wholly  deceptive 
when  we  try  to  picture  the  certainly  more  varied  foliage  in 
earlier  and  plastic  stages  or  lesser  plastic  groups  of  these  gym- 
nosperm   lines.     But  even  so,  in  a  species  of  Zamia  found 

f  rowing  near  the  Pacific  coast  in  Southern  OaxacA,  the  writer 
as  noted  a  strongly  dichotomous  venation  give  rise  to  a  sparse 
false  netting.  And  the  gap  between  such  a  form  and  the  long 
mesh  net-veined  cycad  iDictyozamites  is  not  so  great,  nor  yet 
that  between  the  latter  form  and  a  true  type  of  mesh  netting, 
such  as  we  see  in  presumably  archaic  dicotyledonous  forms  like 
Cissites  and  Vitiphyllum^  and  in  LiriodtndropHiH ;  or  again 
in  Gnetmn  gjiemon.  Nor  is  it  unreasonable  to  infer  a  transi- 
tion from  a  frond  with  few  pinnules,  as  in  the  Oaxacan  Zamia 
just  cited,  to  a  single  blade,  whether  in  the  case  of  parallel  or 
net-veined  types.  While  it  may  prove  fully  significant  that 
not  once  amongst  the  great  Permian  series  of  Ginkgo  leaf 
types  does  a  transition  from  dichotomous  to  netted  venation 
occur,  but  exactly  amongst  the  cycads  as  characterized  by  yet 
other  definitely  proangiospermous  features. 

Ovulate  Cones  and  Buds.     (Figures  6-15.) 

The  discovery  of  the  Williamsonian  tribe  began,  as  already 
recalled,  early  in  the  last  century  with  the  collection  of  the 
sightly  buds,  ovulate  fruits,  disks  and  leaves  of  Williamsonia 
gigas^  found  intermingled  with  an  abundance  of  fossil  plants 
along  the  eroded  cliflEs  of  the  Yorkshire  coast.  Here  William- 
son and  his  father,  as  well  as  other  local  collectors,  diligently 
sought  out  the  handsome  series  of  Cycadophytean  f  rnits,  which 
mostly  found  their  way  into  the  Williamson  collections,  those 
of  the  Jermyn  Street  Museum,  of  Cambridge,  and  the  James 
Yates  collection  already  specially  alluded  to  in  the  introduc- 
tory paragraphs.*      But  it  appears  that  the  partly  indiscrimi- 

*  WiUiamson  says  that  his  father  first  drew  attention  in  1832  to  some  fine 
specimens  he  had  jast  discovered  at  Hawkser,  both  visiting  the  locality  in 
1833  (4).  Bnt  in  this  connection  it  should  be  remarked  that  the  first  Cycade- 
oidean  or  Williamsonian  fmit  ever  figured  appears  to  have  been  Buckland's 
Podocarya  of  1836  (la)  from  the  ** lower  region  of  the  inferior  oolite"  on 
the  E.  of  Cbarmouth,  Dorset,  which  is  on  the  coast  near  Lyme  Regis. 

This  fossil  may  also  have  been  collected  earlier  than  1833,  and  the  failure 
of  the  locality  to  yield  other  recorded  specimens  is  only  less  to  be  lamented 
than  the  loss  of  the  original ;  for  a  close  study  of  the  figures  of  Buckland  as 
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Fio.  6. 


Fio.  6.  Williamsonia  yigaa.  x  1/2  nearly.  Typical  fruit  bud  attached 
to  its  bract-enveloped  peduncle.  Partly  retouched  photograph,  furnished 
through  kindness  of  the  officials  of  the  Paris  Museum.  (One  of  the  speci- 
mens of  the  James  Yates  collection  of  Williamsonias  from  the  Hawkser  and 
Runswick  Cliffs  of  Yorkshire,  secured  for  the  Paris  Museum  by  Brongniart 
in  1843.) 

redrawn  by  Saporta  in  the  form  reproduced  in  excellent  style  in  my  American 
Fossil  Cycads  indicates  beautiful  conservation.  As  any  one  who  has  studied 
such  fossils  can  easily  see,  all  the  figtires  have  excellence  stamped  upon 
them.  In  particular  the  form  of  the  seed  and  position  and  size  of  the  embryo 
are  clearly  disclosed.  The  seed,  about  the  size  of  a  small  grain  of  rice,  is 
more  angular  than  in  the  Cycadeoideas,  showing  a  distinctly  pentagonal  to 
hexagonal  form  with  a  rather  clearly  marked  shoulder  surmounted  by  five 
to  six  ribs  of  the  blow-off  layer,  so  that  with  the  aid  of  my  figure  15c  a  most 
perfect  model  of  the  outer  form  can  be  constructed.  While  the  **two 
lunate  bodies  "  of  the  upper  middle  transverse  section  are,  of  course,  none 
other  than  the  two  cotyledons  of  a  notably  smaller  embryo  than  is  found  in 
any  Cycadeoidea.     Evidently  the  seed  had  a  well  developed  albumen  sur- 
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nate  search  for  "  Pracht-Stucke^^  Ijad  mostly  ended  by  1835  or 
4:0  without  the  careful  establishment  of  quarries,  and  without 
attention  having  been  directed  to  the  abundant  and  important 
smaller  fruits  and  disks  of  other  species  of  Willia7n8onia^  which 
the  visits  of  Nathorst  first  in  1879,  and  then  in  1907,  fol- 
lowed by  that  of  his  associate  Halle,  have  brought  to  light. 
So  that  for  quite  thirty  years  previous  to  the  study  of  Cyca- 
deoidea^  which  again  so   pointedly   directed  attention   to  the 

Fio.  7. 


Fio.  7.  Williamsonia  ffigas,  x  1/2.  Bract-enclosed  strobilar  casts  far- 
ther illustrating  the  sharp  outUnes  characteristic  of  these  fossils  and  their 
abundance.    (Yale— James  Yates  Collection.) 

Yorkshire  coast  fossils,  the  original  and  more  or  less  scattered 
collections  of  Williamsonian  fruits  failed  of  addition,  and  came 
to  be  regarded  as  mere  assemblages  of  rare  fossils  of  uncertain 
affinity  and  even  minor  interest.  The  more  especially  so  after 
Saporta's  decision  that  the  ovulate  cones  were  Pandanus-like, 
just  as  Buckland  originally  surmised  in  the  Bridgewater  Trea- 

rounding  the  embryo,  an  interesting  point  which  leads  me  to  suspect  it  to 
be  some  Williamsonian  form.  Just  once  in  his  plate  legends  Buckland  refers 
to  the  seeds  as  calcified  with  the  lunate  bodies  dark  ;  but  from  the  remark- 
able conservation  of  the  isolated  specimen,  it  is  likely  to  have  been  silicified, 
such  fossils  often  having  a  whitish  exterior,  that  without  further  test  could 
deceive  even  a  practiced  eye. 
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tises.  Indeed,  the  later  discovery  of  similar  cones  in  close  asso- 
ciation with  the  Pt'dophyllum  leaves  of  the  Gondwanas,  and 
Nathorst's  observation  of  related  fruits  with  Anomozamites 
leaves  would  almost  seem  to  have  confirmed  any  ideas  of  isola- 

Fio.  8. 


Fig.  8.  WUliamsoma  gigas.  x  1/2.  Ovulate  strobiliiB  of  the  Yale-James 
Yates  collection  from  the  cliffs  of  Hawkser  and  Runswick  (1843  or  before). 

A  Lateral  views  showing,  together  with  portions  of  ensheathing  hnsk  of 
bracts,  apical  cavity  due  to  failure  of  eonservation  resulting  in  **pyriform  " 
surfaces. 

B.  Basal  view  showing  large  insertion  scar,  and  somewhat  worn  surface  of 
strobilus,  with  bracts  split  off  or  worn  away. 

C.  Apical  view,  nearly  the  same  as  at  A. 

D.  Partial  restoration  of  cone  effected  by  sawing  in  two,  and  drawing  in 
natural  form  and  position  the  seed  stem  and  seed  zone  which  failed  of  con- 
servation, thoagh  the  axis  is  fairly  conserved.  (Hence  resiored  view  =  me- 
dian long  section.) — The  strobilus  probably  ended  as  a  loosely  compacted 
and  flowing  more  or  less  silky  mass  of  sterile  filaments^  just  cw  in  Cycade- 
oidea  dacotensis, 

tion  and  rarity  of  such  fruits,  or  even  to  have  diverted  atten- 
tion from  the  urfi:ent  need  of  renewed  study  in  nearer  fields. 
And  it  still  remains  difficult  to  understand  why  most  of  the 
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localities  of  Mesozoic  fossil  cycads  indicated  on  the  map,  fig. 
1,  have  so  far  failed  to  yield  other  than  scattered  fruits.  In 
truth  it  has  required  not  only  the  renewed  field  work  on  the 
Yorkshire  coast,  but  the  richesae  of  Williamsonian  fruits  in  the 
newly  discovered  Mexican  horizons  to  fully  and  finally  dispel 
this  mistaken  idea  of  the  rarity  of  casts,  imprints  and  fruits, 
and  especially  of  difficulty  in  learning  the  import  of  the  main 
facts  of  association.  These  fossils  doubtless  occur  in  most 
of  the  localities  yielding  fronds ;  their  fragile  nature,  with 
occurrence  in  clays  and  shales  barren  of  economic  products 
save  occasional  scant  seams  of  coal,  are  amongst  the  obvious 

Fio.  9. 


Fio.  9.  Williamsonia  gigas.  x  1/3.  Slab  containing  foliage  and  two 
fructifications  weathered  out  in  nearly  full  relief.  That  to  the  right  is  an 
ovulate  fruit  of  the  largest  size.     (Yale — James  Yates  Collection.) 

reasons  for  infrequency  of  observation  or  collection.  Though 
it  is  of  interest  to  observe  in  this  connection  that  aside  from 
silicified  fruits,  casts  of  singular  beauty  are  confined  neither  to 
the  Williamsoniae  nor  to  the  Mesozoic.  AVhen  1  was  in  Paris 
a  few  years  since,  Professor  Zeiller  showed  me  the  original 
type  of  his  Lepidostrobus  Laurenti  (18),  a  cast  broken  out  of 
certain  Dinantien  phosphatic  nodules  from  the  flanks  of  the 
Pyrenees.  Uncrushed,  and  without  any  adherent  matrix,  the 
original  form  and  larger  features,  including  the  sporangial 
outlines,  all  appear  so  much  as  in  life  that  both  illustmtion  and 
description  fail  to  visualize  the  singular  beauty  of  this  fossil. 

The  lack  of  earlier  attention  to  the  fuller  possibilities  of  the 
Yorkshire  coast  is  now,  however,  not  alone  compensated  for 
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by  the  field  work  of  Nathorst,  which  has  added  so  much  to  our 
knowledge  of  Williamsonia^  but  by  the  recent  organization  of 
a  society  for  the  consecutive  study  of  the  region  and  especially 
of  its  fossil  plant  wealth  (26).     AH  the  more  interesting,  then, 

Fio.  10. 


Fig.  10.  WUHamsonia  gigas.  x  1/2.  Two  views  of  a  partly  conBerved 
bract-enclosed  ovulate  strobiltts  partly  broken  out  of  matrix  traversed  by 
many  fronds  of  **Zamitas  gigas.^^  Now  adjudged  to  be  fruit  and  foliage  of 
one  and  the  same  plant.     (Yale— James  Yates  Collection.) 

becomes  the  series  of  fructifications  of  the  Yorkshire  coast, 
shown  in  figs.  2-12,  from  both  the  historical  viewpoint  and 
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the  study  of  modes  of  occurrence  and  conservation  which  may 
direct  attention  to  other  regions  and  localities  equally  rich  in 
fossil  remains.  That  a  freer  illustration  of  the  Yorkshire  coast 
fossils  would  soon  have  brought  out  the  peculiarities  of  cast 
conservation,  and  would  long  since  have  disclosed  the  chief 
structural  features  of  the  ovulate  cones,  can  scarcely  be  doubted. 

Ovulate  Cone  and  Cast  Characters, — Nothing  is  more  baf- 
fling in  the  study  of  these  cones  than  the  capricious  manner  in 
which  conservation  begins  and  ends,  often  in  the  midst  of  a 
tissue  zone.  Thus  in  the  English  Williamsonias,  save  the  lost 
tvpe  of  Buckland's  ^^  Pandanus^'*  figured  in  the  Bridge  water 
Treatises,  the  seeds  uniformly  fail  of  preservation.  Yet  in  an 
isolated  cone  of  Cycadeoidean  form  from  the  Argonne  the  large 
seeds  are  distinct  and  even  the  embryos  are  at  times  outlined. 
But  while  the  seeds  so  often  fail  to  outline  themselves,  the 
conserved  sterile  intersemioal  scales  are  very  apt  to  clearly 
demark  the  fruit  base  and  the  summit,  a  caprice  of  cast  and 
imprint  formation  also  much  in  evidence  in  the  Oaxacan  region. 

The  ovulate  fruits  of  the  Yorkshire  coast  as  collected  in  the 
early  days  when  the  naturally  weathered-out  specimens  were  to 
be  found  in  some  abundance,  are  the  large  forms  five  to  eight 
centimeters  in  diameter,  and  often  but  not  always  flattened. 
Such  are  shown  in  the  painstaking  drawings  of  Mr.  Weber, 
reproduced  in  the  figs.  7-13,  all  the  result  of  joint  study  of 
details  by  both  writer  and  artist. 

The  striking  association  of  fronds  with  an  abundance  of 
strobili  in  some  of  the  weathered  specimens  seemingly  broken 
up  at  random,  appears  especially  in  tigs.  9-11.  But  further 
considering  fruit  outlines,  a  most  instructive  strobilus  is  fully 
illustrated  in  complete  projection  by  fig.  8  showing  the  lateral 
and  end  views  with  a  median  longitudinal  section  partly  restored. 
As  clearly  appears  from  the  figure,  the  bracts  enclosed  a  strik- 
ingly handsome  fruit ;  though  as  partly  due  to  weathering  and 
partly  to  the  lack  of  uniformity  in  preservation  already  spoken 
of,  no  surface  details  actually  appear,  and  one  is  left  to  wonder 
at  the  weathering-out  so  nearly  on  the  original  outer  surface. 
But  contrariwise,  certain  interior  features  are  unexpectedly 
clear ;  the  form  ■  of  the  conical-shaped  receptacular  axis  is 
sharply  outlined,  some  of  the  soft  tissue  even  retaining  struc- 
ture, while  at  the  apex  conservation  again  begins  in  the  out- 
curving  mass  of  interseminal  scales,  and  as  sharply  ends  to  form 
a  pyriform  cavity  more  or  less  filled  with  the  white  clayej'  ma- 
terial "  scarbroite."  In  fact  we  can  easily  see  that  the  entire 
space  occupied  by  the  cavity  was  in  life  filled  out  by  the  con- 
tinuation of  the  zone  of  slender  sterile  organs  as  a  closely 
packed  mass,  silky  or  wavy  and  slightly  spreading  at  the  sum- 
mit.    And  this  is  an  interesting  feature,  in  its  turn  aiding  us 
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to  better  understand  the  outer  apical  features  of  some  of  the 
silicitied  strobili.  It  shows,  especially,  how  in  the  bisporan- 
giate  strobilus  of  Cycadeoidea-dacotensis  the  prolongjation  of 
the  apical  region  of  the  younor  ovulate  cone  must  have  filled 
out  the  inverted  conical  space  formed  by  the  incurving  of  the 
microsporophylls  beneath  the  enveloping  bracts,  so  as  to  form 
a  solid  bud.      [Etching  experiments  with  hydrofluoric  acid  or 

Fig.  11. 


Fig.  11.  Williamsonia  fructifications  of  the  James  Yates  collections 
from  Cliffs  of  Hawkser  and  Runswick  (1848  or  before),      x  1/3. 

(-4)  Williamsonia  (species).  Probably  not  W,  gigas^  the  bracts  being 
very  large.  This  specimen  is  in  the  collections  of  the  Jardin  des  Plantes, 
Paris.  It  is  figured  by  Saporta  in  Plantes  Jurassiques.  The  present  figure 
results  from  developing  the  specimen  slightly.  Two  views  of  the  terminal 
bud  are  given.     Might  pertain  to  the  stem  shown  in  fig.  3. 

{B)  Williamsonia  gigas  fruits  and  foliage  accompanied  by  large  and  broad 
leaf  of  Yuccites  (=  Cordaites?).  Compare  the  young  fruit  below  with  (A) 
illustrating  distinct  variation  in  bract  husk.     (Yale — James  Yates  Collection.) 

alkalies  producing  erosion  effects  in   Williamsonia  fruits  yet 
remain  to  be  tried.] 

Throughout  the  entire  fruit,  therefore,  the  manner  of  pres- 
ervation is  found  most  instructive  in  its  bearing  on  both  fossil- 
ization  and  features,  it  being  altogether  clear  how  preservation 
of  the  sterile  apical  region  with  either  dehiscence  of  the  lateral 
mass  of  seed  stems  and  interseminal  scales,  or  its  nonpreser- 


Digitized  by  LjOOQIC 


G.  R.  Wielund —  Williamaonian  Tribe,  455 

vation,  would  at  once  result  in  the  formation  of  the  "  pjriforra 
axes "  figured  by  Williamson  and  so  puzzling  in  his  day.  In 
addition  to  the  suggested  early  dehiscence  of  the  seed-stem 
zone,  its  preservation  as  a  weak  zone  easily  split  off  during 
erosion  may  also  account  for  some  of  the  axes  figured  by 
Saporta. 

However  this  may  be,  in  the  present  case  the  finely  outlined 
form  suggested  that  the  strobilus  was  a  complete  one  at  the 
time  of  fossilization,  and  it  was  hoped  that  a  longitudinal  sec- 

Fio.  12. 


Fig.  12.  WUliamsonia  gigas.  xl/2.  Bract  whorl  (left),  and  ovulate 
strobilas  to  the  right,  showing  interseminal  scales  near  lanse  with  the  stro- 
bilar  axis  or  receptacle  on  which  is  seated  the  seed-stem  series.  The  original 
is  a  most  instructive  specimen.     (Yale— James  Yates  Collection.) 

tion  might  reveal  inner  features.  But  on  sawing  through  the 
fruit  longitudinally,  and  smoothing  the  surface  of  the  saw  cuts, 
all  directly  visible  traces  of  the  internal  structure  outside  the 
conical  receptacle  were  found  curiously  absent. 

So  too  in  the  case  of  the  huge  bud  shown  in  fig.  9  a  saw 
cut  only  disclosed  some  lesser  apical  detail.  In  both  instances 
it  seems  that  aside  from  the  condition  of  the  fruit  at  the  time 
of  fossilization,  the  indication  of  tissue  zones  has  been  partly 
determined  by  the  course  of  erosion  and  weathering  from  the 
matrix.  Curiously  enough,  the  parenchyma  ground  tissue  of 
the  receptacle  is  well  enough  conserved  to  plainly  show  the 
gum  canals.  Whence  the  seed  zone  may  be  restored  with  all 
confidence  as  has  been  done  in  outline  in  fig.  8/)/  and  it  would 
be  likewise  exact  to  represent  the  apical  region  as  a  long  and 
finally  spreading  top  of  sterile  scales.  In  fact  it  is  marvelous  to 
find  first  one  and  then  another  feature  conserved  until,  not  for- 
getting the  supposed  Pandanus  of  Buckland,  it  is  clear  that  had 
all  the  evidence  been  rigidly  put  together,  a  fair  reconstruction 
of  the  entire  fruit  and  form  of  fructification  could  have  been 
made  long  l)efore  the  later  discovery  of  thesilicified  specimens. 
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That  even  the  embryos  can  be  ontlined  in  the  casts  without 
actual  silicitication  or  calcification  is  proven  by  the  presence  of 
dicotyledonous  embryos  in  the  Cycadeoidean  strobilar  cast 
Amphihennettites  Henatdti  (Fliche,  1896). 

Newly  Discovered  StrohUL — For  nearly  a  century  the  Wil- 
liamsonian  casts  clearly  showing  seeds  have  been  limited  to 
the  oft-mentioned  specimen  thought  by  Buckland  to  be  an 
ancient  Pandanus^  and  so  clearly  figured  in  the  Bridgewater 
Treatise  that  despite  the  fact  that  the  original  has  seemingly 

Fig.  18. 


Fig.  18.  Williamsonia  gigaa,  y  1/2.  Base  of  an  ovulate  strobilua  with 
large  peduncle  scar.  Conservation  ends  at  the  beginning  of  the  ovulate 
region  except  in  one  small  area  where  three  fully  outlined  seeds  of  about 
the  same  size  and  form  as  in  the  larger  species  of  Cycadeoidea  may  be  seen. 
This  is  one  of  the  very  few  instances  in  which  snch  seeds  appear  and  fully 
confirm  the  natare  of  these  fruits.     (Yale  -  James  Yates  Collection.) 

disappeared  from  view,  it  is  clear  that  little  improvement  in 
illustration  could  be  made  except  with  respect  to  contained 
embryos.  But  as  related  in  the  Botanical  Gazette  (22),  the 
Buckland  fruit  has  now  been  complemented  by  a  mould  of  a 
closely  related  species  found  by  the  writer  in  Oaxaca,  from 
which  clay  casts  were  readily  made  showing  the  fruit  in  nearly 
full  lateral  relief.  The  presence  of  a  low  conical-shaped  apex 
formed  by  sterile  organs,  quite  in  agreement  with  other  William' 
sonias,  appears  to  be  the  only  difference  from  the  Buckland  stro 
bilus,  which  so  far  as  one  may  judge  from  the  figure  had  the 
apical  region  all  fertile.  Whence  it  appears  that  both  in  the 
WiUiainsonia  and  Cycadeoidea  series  both  kinds  of  apex  are 
present,  the  prolonged  form  obviously  being  the  more  primitive. 
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Yet  other  species  or  genera  occur  in  abundance  in  the  Oax- 
acan  country,  and  through  the  courtesy  of  Seiior  Agui16ra,  the 
director  of  the  Mexican  Geological  Survey,  I  am  enabled  to 
give  figures  14,  15  A  and  B^  and  17  (7,  showing  characteristic 
features,  in  advance  of  the  publication  of  my  memoir  on  the 
Fossil  Plants  of  the  Mixteca  Alta  now  in  course  of  completion. 

Fig.  14. 


Fio.  14.  Surface  details  of  varions  ovulate  strobili  of  Williamsonia  dis- 
covered by  the  writer  on  the  Rio  Consnelo  of  Oaxaca,  Mexico,    x  7/4  nearly. 

A,  sterile,  A^,  B,  partly  sterile  and  partly  fertile  areas.  B^,  B*,  an  appar- 
ently different  species  from  the  preceding  with  large  sterile  scales  occnpy- 
ing  all  the  lower  half  of  the  fruit  axis.  In  J3*  the  outer  nail-head  like  ends 
of  the  scales  have  in  breaking  the  matrix  so  split  away  as  to  reveal  the  stem 
mass  beneath.     The  drawing  shows  all  of  the  fruit  conserved. 

As  will  be  noted  from  the  figures,  the  surface  characters  are 
often  very  clear ;  though  it  is  only  occasionally  that  a  fairly 
complete  crushed  cone  was  found. 

Easily  the  most  curious  fructification  is  that  shown  in  figure 
15  J.  with  exactly  the  outlines  of  a  short  leafy  seed  resembling 
Gnetum  gnemon.  At  first  these  forms  as  found  closely 
associated  with  a  slender  poorly  conserved  branching  stem,  and 
nowhere  else,  were  thought  to  be  bract-surrounded  ovulate 
strobili  of  the  usual  Williamsonian  type,  though  small. 

But  they  have  the  apical  depression  seen  m  Gnetum  seeds, 
and  the  leafy  appendages  cannot  be  made  out  to  have  the  over- 
lap of  bracts.  J n  view  of  certain  resemblances  of  the  Cycade- 
oidea  seeds  to  those  of  Gnetum^  the  possibility  of  further  rela- 
tionship here  indicated  is  highly  suggestive. 
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It  should  be  emphasized  that  the  fossil  fruit-yielding  region 
of  Oaxaca  is  large,  extending  into  the  State  of  Puebla,  and 
probably  Guerrero,  and  the  opportunities  for  opening  quarries 
almost  without  limit.  This  is  easily  the  most  promising  region 
for  the  collection  of  Williamsonian  types  in  North  America, 
and  as  already  stated,  ranks  with  the  i  orkshire  coast  and  the 
Gondwanas  of  India,  which  it  more  nearly  resembles,  as  the 
third  great  region  of  the  globe  yielding  an  extensive  William- 
sonian fruit  series.  In  a  first  season  of  collecting  following 
discovery  by  the  writer,  he  secured  along  with  a  beautiful 
Williamsonia  series,  Podozamites^  PtilopayUum^  Otozamites 
(or  Pterozamites\  Cycadolepis^  Wielandiella  (?)  Araucain^ 
oxylon  (silicitied),  NcBggeraihiopida^   Yuccites,  Trigonoca^pan, 

Fig.  15. 


Fig.  15.  Gnetales-Uke  seeds  of  the  WilHamaonia-hearmg  horizon  of 
Oaxaca  (A)  compared  with  the  seed  of  Gnetum  gnemon  (B),  and  Cycadeoidea. 
^andBxl/2.     Cx30±. 

(A)  Portion  of  large  slab  from  the  Rio  Mixtepec,  Oaxaca,  bearing  three 
leafy  seeds  with  namerous  small  cycadaceous  fronds  and  stem  fragments  aU 
thought  to  belong  to  one  and  the  same  plant. 

(J5)  Gnetum  gnemon  seed  in  superior  view  showing  lateral  leafy  append- 
ages or  capsule  like  the  preceding. 

(C)  Cycadeoidea  turrita  seed  in  longitudinal  section  showing  upper  (radi- 
cal) end  of  embryo,  and  structure  of  the  apical  region  nearly  paralleling 
that  of  the  similarly  ribbed  seed  of  Gnetum  gnemon.  The  section  traverses 
two  opposite  wings  of  the  outer  or  *' blow-off"  layer. 

Sphenopteris,  Pecopteris^  Cladophleiis  (?),  Taeniopteris^  Glos- 
sopteris^  or  Sagenoptevids^  Coniopteris  (?)  and  Equisetum, 
Whence  it  is  safe  to  say  the  Mixteca  Alta  region  must  fully 
vie  with,  if  not  finally  exceed  both  the  Yorkshire  coast  and  the 
Gondwanas  in  the  abundance  of  its  Rhat-Liassic  plant  life. 
The  flora  is  most  like  that  of  the  Kajmahal  Hills,  and  its 
occurrence  on  the  exact  opposite  side  of  the  globe  in  precisely 
the  same  latitude  is,  therefore,  geographically  impressive. 
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Almost  at  the  same  time  this  far  southern  Williamsonian 
flora  was  discovered,  Natliorst  and  Halle  had  been  at  work  on 
the  Yorkshire  coast,  and  there  too,  fully  demonstrated  that  all 
ideas  of  a  paucity  of  Williamsonian  ovulate  fruits  in  either 
number  or  variety  of  species  have  been  due  to  almost  unac- 
countable failure  of  botanists  and  paleobotanists  to  engage  in 
adequate  field  work.  Nathorst  haa  indeed  found  at  Cloughton 
Wyte  the  first  type  of  his  WiUiamsonia  LecJcenhyi  thirty 
years  ago  (9) ;  but  it  is  only  this  later  work  that  has  demon- 
strated the  presence  of  variety  of  species. 

In  some  cases  it  appears  that  the  strobili  had  an  outer  form 
much  like  a  Nelurahium  fruit  (26,  p.  25),  but  the  writer,  while 
finding  in  the  Mixteca  Alta  forms  he  at  first  explained  in  the 
same  way,  wonders  if  splitting  away  of  an  outer  surface  as  the 
only  part  conserved,  after  the  manner  shown  in  figure  14^5*, 
may  not  throw  some  light  on  the  Nathorst  fruit. 

In  summation  then,  it  may  be  said  that  at  the  present  time 
it  is  likely  that  to  the  score  or  so  of  species  of  ovulate  cones  of 
the  Cycadeoideee  may  be  added  about  an  equal  number  of 
species  of  Williamsonian  strobili,  mainly  from  the  Yorkshire 
coast,  India  and  Oaxaca.  But  while  much  variation  in  size 
has  been  noted,  hypothetic  or  reduced  few-seeded  forms,  or 
types  of  lax  structure,  have  not  yet  been  determined  ;  so  that 
the  range  of  ovulate  structure  approaches  but  does  not  so  far 
equal  that  seen  in  the  Coniferales.  The  reverse  is  true  when 
staminate  structures  are  also  brought  into  such  a  merely  gen- 
eral comparison. 

Staminate  Fructification,     (Figures  16-18.) 

It  has  been  justly  doubted  by  Professor  Nathorst,  to  whom 
we  owe  the  demonstration  of  the  type-series  of  staminate 
WiUiamsonia  fruits  from  the  Yorkshire  coast,  if  the  nature 
of  these  pollen-bearing  structures  could  ever  have  been  satis- 
factorily deciphered  before  the  elaboration  of  the  silicified 
bisporangiate  strobili  of  Cycadeoidea.  For  not  only  are  the 
essential  structures  of  the  imprints  of  staminate  organs  difficult 
of  observation,  but  the  exigencies  of  preservation  are  greater 
by  far  than  in  the  case  of  the  ovulate  cones.  Indeed,  because 
of  the  compact  and  durable  form  of  the  latter,  with  a  require- 
ment of  several  yeai-s  for  reaching  maturity  and  shedding  of 
the  seeds,  it  might  well  be  expected  that  many  examples  must 
be  found  to  one  of  the  fragile  staminate  fruits  of  quicker 
growth,  probably  as  a  rule  dehiscent  only  after  the  wilting 
down  of  their  little  resistant  tissues.  Yet,  evidence  of  stami- 
nate fructification  has  been  accumulated  with  fair  success,  and 
now  that  the  outlines  of  the  disks  in  a  number  of  species  and 
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several  genera  are  known,  and  the  necessity  for  careful  qnarry 
work  followed  by  approved  laboratory  methods  understood,  we 
may  not  only  hope  to  find  better  conserved  disks  and  whorls  of 
the  types  already  sparingly  observed,  but  those  of  hypothetical 
reduced  forms.  In  fact  we  even  get  the  clearer  suggestion  of 
family  differentiation  in  the  more  diffuse  organs  of  the  stami- 
nate  series,  since  lax-spiral  ancestral  types  of  ovulate  fructifica- 
tion  or  later  reduced  types  have  not  yet  been  clearly  connected 
with  cycadophytans — the  ovulate  strobili  so  far  determined 
being  strictly  confined  within  the  same  narrow  structural  limits 
as  in  the  parallel  Cycddeoidea  ovulate  series. 

Fig.  16. 


Fio.  16.  Early  iUostrations  of  WilliamBonian  staminate  diaks.  (About 
half  natural  size.) 

A.  So-called  **  carpellary  disk  "  as  restored  by  Williamson ; — now  referred 
to  WiUiamsonia  hitvherculafa,  of.  Nathorst's  restoration,  flg.  17.      x  2/5. 

B.  WUliamsonia  gigas  from  the  Rajmahal  HUls  as  figured  by  Feistmantel. 

Referring  at  once  to  the  illustrations  of  typical  staminate 
fruits,  in  lieu  of  further  description,  the  known  types  of  such 
fructification  in  WUliamsonia  and  the  nearest  related  forms 
are  given  in  the  subjoined  table. 

List  of  Staminate   Whorl  and  Disk  Species   of  WiUiamsonia 
and  Belated  Forms. 

(Provisionally  grouped.) 

(A)    Cycadeoidea, — Various  species  of  bipinnate  frond  disks. 
\B)    Cycadocephalus   Sewardi  Nathorst   (25). — The   type   of   a 

family  anciently  related  to  WUliamsonia.     Has  tetrahedral 

fern-fike  microspores  borne  on  large  deeply  cleft  disk  of 

16  ±  sporophylls. 
((7)    WiUiamsonia  spectahilis  Nathorst. — Disk  16  ±  bipinnately 

parted  fronds. 
WiUiamsonia  setosa  Nathorst. — Disk  of  18  ±  parted  fronds. 
**  whitbyensis  Nathorst. — Disk   pinnately   15 — 

cleft. 
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(  C)    WUliamsonia  pecten  Nathorst. — (Small  disk  form.) 

"  tuherculata  and  hituherculaia  Nathorst. — Disk 

staminately  16 — cleft, 
Williamaonia  mexicanus  (Wieland  MS.). — Disk  pinDately 

+  10 — lobed. 
Weltrichia  (?)  mirabilis  Fr.  Br. — Disk  15 — lobed. 
(Z>)    WUliamsonia  (?)  Lignieri,  Nathorst. — Small,  whorled  scale- 
like stamens. 
Wielandiella    anguatifoUa    Nathorst. — Disk     or     close-set 

whorls  of  small  stamens. 
Wielandiella  punctatay  Nathorst. — Disk  or  close  whorls  of 

minate  nearly  sessile  stamens. 
WUliamsonia  rajmahahnsis  (Wieland  sp). — Short  whorl  of 
(6  + )  small  elongate  staminate  scales,  or  staminophylls. 

Fig.  17. 
D  A 


Fig.  17.     Four  types  of  WiUiamsonian  pollen-bearing  organs.     A  and  B 
are  shown  about  half,  and  C  and  D  nearly,  the  natural  size. 
{A)  WUliamsonia  tuherculata  {YorkBhire  coast).     Restoration  by  Nathorst. 

(B)  WUliamsonia  spectahilis  Nathorst.  Pinnate  and  possibly  unisexual 
flower  from  Yorkshire  coast  as  restored  by  Nathorst. 

(C)  WUliamsonia  mexicana  (Wieland  MS.).  Restoration  of  Mizteca  Alta 
(Mina  Consuelo)  disk  in  segment  form. 

(D)  WUliamsonia  (!)  rajmahalensis  (Wieland  sp.).  After  FeistmanteVs 
figure  of  specimen  from  Bindrabun,  Rajmahal  Hills,  India.  Unisexual 
whorl.     Cf.  reference  8,  p.  131,  and  pi.  xzxix,  fig.  5,  5a. 
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To  the  above  list  could  of  course  be  added  by  searching  care- 
fully through  paleobotanic  literature,  various  more  or  less  sug- 
gestive proUematica,  But  now  confining  ourselves  to  the 
better  known  forms,  it  is  at  once  seen  that  the  specific  range  of 
staminate  forms  is  fully  as  great  as  that  of  the  ovulate  cones 
in  the  Yorkshire  coast  locality,  the  only  one  at  all  carefully 
studied  ;  while  the  generic  range  is  actually  greater,  since  the 
groups  A,  B,  C  and  L)  may  finally  prove  to  represent  families. 

A  first  all-important  fact  indicating  a  great  specific,  generic, 
and  finally  family  variation,  is  that  in  these  dozen  fruits  we 
pass  from  flowers  of  large  size  with  large  frondlike  microspo- 

FiG.  18. 


Fig.  18.  Williamsonia  sp.  x  2.  Study  of  features  of  the  cast  (positive) 
of  the  original  in  Paris  Museum  Yates  coUection,  No.  2406.  The  orienta- 
tion is  uncertain.     Note  paragraphs  in  brevier  on  opposite  page. 

rophylls  to  small  forms  made  up  of  scale  and  stamen-like  fertile 
organs  in  which  disks  are  not  known  to  be  always  present, 
there  even  being  a  suggestion  of  emplacement  in  short  whorls. 
And  secondly,  variety  of  sex  type  is  definitely  proven.  Con- 
formably  to    Cycadeoidea^   the    showy    staminate    collars    of 

Williamsonia^  now  called  Williamsonia  hituberculata  (25), 
together  with  otlier  Yorkshire  coast  and  Indian  forms  (cf.  fig. 
18)  evidently  split  off  from  the  base  of  large  ovulate  cones  like 
those  of  W,  gigas.  So  that  both  from  analogy  and  actual 
occurrence   of    fossil   forms    the   presence    of   bisporangiate 

Williamso7iia^o'^'QY^  is  reasonably  certain.  Though  the  unity 
of  the  cones  and  staminate  collars  in  ]>articular  species  can  not  be 
easily  proven,  as  the  forms  are  not  only  seen  to  be  numerous, 
but  it  is  held  probable  that  Xathorst's  interpretation  of  William' 
sonia  spectahilis  and  W,  pecien  as  unisexual  flowers  of  either  a 
monoecious  or  dioecious  form  is  correct.     Also  the  Oaxacan  disk 
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(fig.  17(7)  may  quite  possibly  be  unisexual,  though  the  absence 
of  a  peduncle  leaves  the  point  in  doubt.  Considerable  variance 
in  the  explanation  of  such  fossils  can  arise,  whence  to  avoid 
confusion  the  use  of  the  terms  cast^  mouldy  surface,  and 
imprint  requires  to  be  exact. 

Tims  the  attempt  to  interpret  a  very  beantifnl  and  undoubtedly  bisporan- 
giate  specimen,  No.  2406  of  the  Paris  Museum  Yates  CoUeotion,  has  led  to 
some  difference  of  opinion  between  Professor  Lignier  and  myself.  In  the 
first  place,  following  my  paper  of  1901  (12),  Lignier  (15)  described  this  speci- 
men as  the  rugose  surface  of  an  ovulate  cone  with  indication  of  axial  pro- 
longation as  a  more  or  less  pyrtform  sterile  leafy  appendage.  To  this  I  took 
exception  in  my  American  Fossil  Cycads,  p.  152,  interpreting  Lignier's  figure 
as  that  of  the  upper  portion  of  a  bisporangiate  bud  showing  the  short  sterile 
apex  of  an  ovulate  cone  enveloped  by  the  microsporophylls,  the  curved  ra- 
chides  of  which  it  was  supposed  had  broken  away  so  as  to  expose  the  proximal 
synangia  en  masse  just  outside  the  decurved  rachidal  tips.  But  later,  when 
visiting  the  Paris  Museum,  I  found  that  the  figure  on  which  I  had  based  my 
opinion  is  not,  as  inferred  from  the  legend,  that  of  the  specimen  itself,  but 
of  a  mould  obtained  from  it. 

Since  then  Lignier  has,  in  a  separate  note  (19),  insisted  on  the  virtual  cor- 
rectness of  his  original  view  that  the  rugose  marking  is  onlj  ovulate,  but  of 
course  agreeing  with  me  that  in  any  event  the  series  of  converging  segments 
indicates  a  staminate  di»k  of  20.  or  21  microsporophylls  (not  bracts  or  parts 
of  a  leafy  apical  prolongation).  With  a  cast  of  the  specimen  before  me  now, 
as  kindly  given  me  by  Professor  Lignier  on  the  occasion  of  a  visit  at  his 
house,  I  still  fail  to  agree  fully  with  his  explanation  of  this  fossil.  Nor  yet 
can  I  be  sure  of  its  exact  interpretation,  whether  indicating  a  portion  of  the 
base  or  the  summit  of  a  bisporangiate  bnd, — and  in  either  alternative,  whether 
or  not  we  see  the  ovulate  surface,  or  either  the  adaxial,  or  finally  abaxial  sur- 
face of  the  microsporophylls,  which  latter  might  be  rugose  as  in  Cycade- 
oidea  dacotensis. 

To  fully  discuss  the  various  possibilities  of  casts  and  moulds  of  surfaces 
involved  would  require  too  much  space  ;  but  in  the  appended  fig.  18  of  the 
cast  (exactly  equivalent  to  the  specimen  itself)  the  disk  of  20  or  21  members 
plainly  appears,  as  does  also  the  central  axis.  The  fruit  is  in  my  judgment 
still  a  "  litigious  "  one,  since  it  is  most  difficult  to  read  seed  characters  into 
the  sculpturing  on  the  segments,  or  to  see  just  how  the  surfaces  of  the  micro- 
sporophylls were  appressed  to  the  ovulate  center.  Equally  the  character  of 
the  latter  is  in  doubt,  as  but  a  single  large  seed  might  have  been  present ; 
while  Lignier's  idea  of  pyriform  extension  simply  lacks  direct  evidence.  If 
the  rugosity  is  staminate.  a  different  genus  or  even  family  from  Williamsonia 
might  be  represented.     This  I  believe  the  more  likely. 

In  closing  this  brief  resum^  of  floral  characters  in  William- 
Bonian  types,  the  great  extent  of  sex  diversity  found  iixes  our 
attention  less  by  far  as  a  phenomenon  per  se  than  because  of 
the  immense  variation  it  not  only  theoretically  permits,  but 
must  actually  have  involved  through  very  long  periods  of  time. 
The  uniform  dioecism  of  existing  cycads  might  be  conceived 
of  as  long  persistent  or  not ;  but  not  so  the  bisporangiate  stro- 
biliis,  which  must  have  been  a  potentially  bisexual  axis  far  back 
toward  the  time  when  the  ancestral  forms  attained  heterospory. 
And  this  floral  form,  as  was  insisted  upon  when  the  first  descrip- 
tions were  given,  must  in  itself  be  exactly  the  one  capable  of 
giving  rise  to  the  most  varied  phases  of  monoecism  and  dioecism. 
As  showing  the  value  of  reasonable  attempts  at  interpretation 
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of  the  significance  and  possible  extent  of  these  and  related  floral 
forms,  it  is  worth  while  to  call  attention  to  the  view  given  in 
American  Fossil  Cycads,  p.  244,  that, — 

*  *  *  <4  \yg  a^g  certainly  permitted  to  conjecture  the 
former  existence  of  members  of  a  Cycadeoidean  alliance  in 
which  the  microsporophylls  did  not  assume  a  cyclic  arrange- 
ment, and  others  with  perchance  freely  branching,  less  com- 
pacted trunk  types,  in  which  there  was  an  early  reduction  of 
these  spirally  arranged  microsporophylls  to  a  filamentous  stam- 
inate  form,  with,  as  may  often  happen,  a  certain  coordination 
between  decrease  in  bulk  and  increase  in  number." 

And  certainly  with  the  subsequent  determination  of  the  re- 
duced WielandieUa  sporophylls  and  other  discoveries  of  reduced 
flowers,  both  on  the  Yorkshire  coast  and  in  the  newly  found 
Mexican  localities,  the  correctness  of  the  above  view  is  proven. 
Only  in  the  one  detail  of  spiral  or  short- whorl  arrangement  of 
the  stamens  is  evidence  slow  to  appear ;  but  such  insertion 
appears  to  characterize  the  flower  snown  in  fig.  17  Z>,  and  in 
any  event  smaller  flowers  with  this  feature  must  have  been 
numerous.  Indeed,  the  general  accuracy  of  the  hypothesis  of 
a  great  and  varied  Williamsonia  group  extending  its  relation- 
ships far  beyond  the  observed  limits  of  the  associated  foliage 
and  fruits  of  the  Mesozoic,  as  gradually  developed  from  the 
wider  study  of  these  fossil  forms  during  the  past  dozen  years,  is 
abundantly  testified  to  and  proven  by  a  long  list  of  field  and 

laboratory  results. 

*  *  *  *  *  %  * 

In  the  foregoing  pages  we  have  brought  into  view  the  main 
facts  known  of  the  Williamsonifie  side  by  side  with  those  hypo- 
thetical views  and  questions  which  lend  a  more  vivid  interest 
to  the  investigation  of  an  extinct  group.  Naturally  the  indi- 
vidual worker  finds  his  chief  labor  in  enlarging  his  store  of 
accurately  known  material,  and  so  it  arises  that  as  the  study  of 
first  one  group  and  then  another  is  normally  extended  to  m'ate- 
rial  limits,  undue  significance  may  inadvertently  be  given  lesser 
facts  of  structure  or  occurrence.  But  although  vigorous  field 
work  in  the  case  of  the  cycads,  connoting  with  accuracy  the 
association  of  the  Mesozoic  cycad  stems,  leaves,  and  fruits  of 
the  localities  of  the  globe,  has  barely  begun,  the  value  assigned 
their  study  can  scarcely  be  overestimated. 

And  just  as  we  have  seen  that  Cycadeoidea  was  the  key  to 
Williamsonia^  so  the  study  of  the  showy  fiowers  of  the  latter 
genus  has  schooled  us  in  the  collection  and  laboratory  study 
of  less  conspicuous  casts  and  imprints  often  exhibiting  most 
unexpected  structural  detail,  and  thus  finally  made  us  aware  of 
an  immense  new  category  of  evidence  of  Mesozoic  gymnosperm 
development  unquestionably  connected  with  angiosperm  origins. 
In  fact  if  there  is  a  post-Paleozoic  family  of  fossil  plants  which 
may  be  fairly  said  to  now  hold  wider  interest  to  students  than 
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any  other,  it  must  be  the  WilliamsoniaB.  At  least  no  other  has 
thus  far  proven  of  more  elemental  interest  when  considering 
the  possible  mode  of  origin  of  the  higher  types  of  modern 
plants.  While  far  beyond  the  great  structural  interest  admit- 
tedly belonging  to  the  group  as  already  known,  must  lie  an 
alluring  field  of  ecologic  study.  Indeed,  with  every  variety  of 
stem  type  from  Cycadaceous  and  palm-like  to  small  freely 
branched  shrubs  with  the  secondary  wood  zones  like  Cordaita- 
leans  and  foliage  suggestive  of  Marattiaceous  ancestry  on  the 
one  hand  but  undoubtedly  leading  into  net-veined  plants  on 
the  other,  with  both  stamens  and  seeds  of  strictly  raleozoic 
aspect  but  Angiospermous  emplacement,  with  flowers  under 
way  of  varied  reduction  and  microsporophylls  small  and  stamen- 
like even  in  the  Trias,  with  the  ever  present  suggestion  of  rela- 
tionship to  all  the  great  gymnosperm  lines  as  the  most  gener- 
alized type  of  all,  and  a  probable  extension  into  a  vast  group 
of  tens  of  thousands  of  species  occupying  the  globe  at  the  close 
of  the  era  of  cosmopolitan  genera,  the  WiUiamsonian  tribe  truly 
presents  a  subject  of  study  broad  as  the  field  of  Paleobotany. 
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SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Arsenides  of  Iron  and  Manganese. — Hilpebt  and  Dieck- 
MANN  have  deyised  a  convenient  method  for  the  preparation  of 
certain  metallic  arsenides  in  the  dry  way  under  pressure.  They 
heated  finely  divided  metallic  iron  with  arsenic  in  sealed  tubes  of 
Jena  glass  to  700°  C.  for  6  to  8  hours  and  found  that  a  definite 
compound,  FeAs,,  corresponding  to  the  mineral  l5llingite,  was 
formed.  By  heating  this  product  at  ordinary  pressure  in  a 
stream  hydrogen  to  the  same  temperature  as  before,  a  part  of  the 
arsenic  was  driven  ofF,  and  a  definite  compound,  FeAs,  was  pro- 
duced. By  the  same  method,  usin^  pressure,  an  arsenide  of 
manganese,  MnAs,  was  prepared,  which  lost  arsenic  at  ordinary 
pressure  in  hydrogen,  even  at  500°,  but  gave  no  distinct  halting- 
point  in  loss  of  arsenic,  and  hence  no  indication  of  the  existence 
of  a  compound,  such  as  Mn,As,  which  has  been  supposed  to  be 
formed.  The  manganese  arsenide,  MnS,  as  had  been  previously 
observed,  has  strong  magnetic  properties,  while,  remarkably 
enough,  neither  of  the  iron  arsenides  shows  this  property. — 
Berichte,  xliv,  2878.  h.  l.  w. 

2.  The  Enrichment  of  Radio-active  Substances  by  Adsorption. 
— Eblbb  and  Fbjxnbr  propose  the  use  of  colloid  substances  as 
adsorbents  of  radio-active  bodies  in  the  place  of  the  usually 
employed  processes  of  fractional  crystallization  and  fractional 
precipitation.  The  colloid  employed  must  be  one  which  can  be 
volatilized  in  some  way  ;  for  example,  silicic  acid,  arsenic  trisul- 
phide  and  sulphur,  which  can  be  removed  in  the  forms  of  silicon 
nnoride,  arsenic  trichloride,  and  the  last  by  simple  heating.  The 
authors  have  carried  out  a  number  of  experiments  by  the  use  of 
colloidal  silicic  acid  prepared  by  the  action  of  silicon  tetrachlo- 
ride upon  water,  and  the  results  obtained  are  promising,  espe- 
cially for  the  enrichment  of  small  quantities  of  material. — 
Berichte^  xliv,  2332.  h.  l.  w. 

3.  The  Fluorides  of  Vanadium, — Otto  Rufp  and  Hbbbbrt 
LiCKFETT  have  prepared  a  series  of  vanadium  fiuorides  and  oxy- 
fiuorides,  none  of  which  have  been  previously  known  in  a  pure 
condition.  The  compounds  described  are  VF^,  VF„  VOF„  VOF, 
and  VF^.  They  correspond  to  known  chlorides,  with  the  excep- 
tion of  the  last  one,  which  is  particularly  interesting  from  the 
fact  that  it  is  the  only  known  compound  of  vanadium  with  five 
halogen  atoms.  This  is  distinguished  from  the  other  fluorides  in 
possessing  a  pure  white  color.  It  has  a  noticeable  vapor  tension 
at  room  temperature  and  boils  at  111°.  It  is  decomposed  by 
moist  air  and  becomes  colored. — Berichte^  xliv,  2539.     h.  l.  w. 

4.  A  Constituent  of  Mineral  Coal. — Up  to  the  present  time 
we  have  had  practically  no  knowledge  of  the  original  compounds 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXXII,  No.  192.— December,  1911. 
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existing  in  coal,  although  the  distillation  products  have  received 
a  vast  amount  of  attention.  Some  attempts  have  been  made  t-o 
extract  the  constituents  with  various  solvents,  but  no  definite 
compounds  have  thus  been  isolated.  Auk  Pictbt  and  Louis 
Ramseyer  have  recently  succeeded  in  extracting  with  benzol  and 
purifying  a  small  amount  of  at  least  one  constituent  of  a  French 
gascoal.  This  was  found  to  be  hexahydro-fluorene,  C,,H,,,  a 
hydrocarbon  of  the  aromatic  series  which  is  slowly  oxidized  in 
the  air,  which  is  gradually  polymerized  by  heating,  apparently 
into  (CjjHjJg,  and  is  converted  at  a  high  temperature  into  fluor- 
ene,  C,,H,„,  a.  constituent  of  coal-tar.  The  hexahydro-fluorene 
and  the  fluorene  may  be  represented  as  follows  : 

CeHg C,H„    >    C„H^ C.H^ . 

Berichte,  xliv,  2486.  H.  l.  w. 

6.  The  Techfiical  Analysis  of  Brass  and  the  Non-ferrous 
Alloys  ;  by  W.  B.  Pbice  and  R.  K.  Mbapk.  12mo,  pp.  267. 
New  York,  1911  (John  Wiley  &,  Sons).— This  book  gives  an 
interesting  introductory  chapter  in  which  many  alloys  are 
described  and  their  compositions  are  given.  The  main  part  of 
the  book  is  devoted  to  analytical  methods,  including  electrolytic, 
gravimetric  and  volumetric  processes.  There  appears  to  be  very 
little  in  this  part  that  is  new  or  original,  but  very  probably  some 
of  the  methods  described  here  will  be  found  useful  to  the  practi- 
cal analyst.  In  some  cases  there  seems  to  be  too  little  explana- 
tion of  the  reasons  for  the  step  taken,  if  the  book  is  to  be  used  by 
beginners,  and  not  all  of  the  explanations  given  are  sound,  as, 
for  instance,  in  connection  with  the  determination  of  sulphur, 
where  directions  are  given  to  add  -j^^^  gram  of  sodium  carbonate 
to  a  strong  nitric  acid  solution  of  an  alloy,  it  is  absurdly  stated 
that  this  will  convert  any  lead  sulphate  into  carbonate.  Some 
of  the  descriptions  of  processes  are  decidedly  bad  ;  for  example, 
where  an  entirely  unnecessary  operation,  presumably  for  the  sepa- 
ration of  manganese,  is  included  as  a  preliminary  step  to  the 
determination  of  nickel  by  the  dimethyl  glyoxime  method. 

H.  L.  w. 

6.  Allen*s  Commercial  Organic  Analysis;  Fourth  Edition, 
Entirely  Rewritten.  Volume  V.  8vo,  pp.  704.  Philadelphia, 
1911  (r.  Blakiston's  Son  &  Co.). — This  volume,  like  its  predeces- 
sors, is  of  great  interest  and  importance.  The  subjects  included 
are  Tannins,  Analysis  of  Leather,  Dyes  and  Coloring  Matters  (arti- 
ficial and  natural),  Analysis  of  Coloring  Materials,  Coloring  Mat- 
ters in  Foods,  and  Inks.  The  contributors  are  W.  P.  Dreaper  of 
London,  J.  F.  Hewitt  of  Surrey,  England,  W.  M.  Gardner  of 
Bradford,  England,  Albert  F,  Seeker  of  Brooklyn,  N.  T.,  Percy 
H.  Walker  of  Washington,  D.  C,  and  F.  Feilmann  of  London. 
The  section  on  Coloring  Matters  in  Foods  is  new,  and  it  should 
prove  useful  to  food  analysts  and  others.  h.  l.  w. 

7.  Electro- Analysis ;  by  Edgar  F.  Smith.  Fifth  Edition, 
Revised  and  Enlarged.     12 mo,  pp.  332.     Philadelphia,  1911  (P. 
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Blalciston's  Sod  &  Co.), — The  present  edition  of  this  valuable 
treatise  on  electrolytic  analysis  shows  but  few  changes  from  the 
previous  edition,  which  appeared  about  four  years  ago,  but  the 
essentials  of  all  that  has  appeared  upon  the  subject  during  the 
interval  have  been  added.  The  book  shows  in  an  impressive  way 
the  great  advances  that  have  been  made  in  this  comparatively 
recent  branch  of  analytical  chemistry,  and  the  large  number  of 
determinations  and  separations  that  can  be  conveniently  and  accu- 
rately made  in  this  manner.  h.  l.  w. 

8.  7'Ae  Disintegration  JProducts  of  ZTratiium. — It  is  now 
generally  accepted  that  uranium  is  the  primary  substance  from 
which  ionium  and  radium  with  its  series  of  products  are  derived. 
In  old  minerals  all  a-ray  products  in  radio-active  equilibrium  with 
uranium  emit  an  equal  number  of  a-particles  per  second  except 
uranium  itself,  which  emits  twice  as  many.  Consequently  either 
two  a-particles  are  emitted  at  the  disintegration  of  each  atom,  or 
the  uranium  is  in  equilibrium  with  an  unseparated  a-ray  product. 
Furthermore,  it  is  known  that  uranium-X  is  a  direct  product  of 
uranium,  but  at  present  no  definite  transformation  product  of  the 
former  has  been  obtained.  Also,  some  irregularities  in  the 
behavior  of  uranium-X  have  been  noted  by  several  investigators. 

An  important  advance  towards  the  solution  of  the  general 
problems  just  suggested  has  been  made  by  G.  N.  Antonofp. 
This  investigator  has  established  the  existence  of  a  new  radio- 
active product  which  he  symbolizes  by  "  Ur  Y." 

In  referring  to  the  work  of  his  predecessors,  Antonoff  says  : — 
"  In  all  these  investigations  no  evidence  of  the  purity  of  the 
uranium  preparations  has  been  given."  Therefore,  the  first  step 
in  the  present  investigation  was  to  make  preparations  of  uranium 
from  which  all  known  radio-active  impurities  had  been  separated. 
Special  tests  afforded  definite  proof  that  this  condition  had  been 
attained.  For  details  of  the  chemical  processes  involved  in  the 
purification  of  the  uranium  salts  reference  must  be  made  to  the 
original  paper.  It  should  be  stated,  however,  that  two  methods 
were  employed  in  the  separation  of  uranium-X.  The  first  method 
consisted  in  precipitating  barium  in  the  uranium  solution  as 
barium  sulphate,  and  the  second  in  adding  an  iron  salt  to  the 
uranium  solution  and  precipitating  it  by  boiling. 

It  is  known  that  uranium-X  emits  both  "soft"  and  "hard"  /8- 
rays.  The  activities  of  the  uranium-X  preparations  were  deter- 
mined first  with  the  salts  uncovered  and  afterwards  when 
aluminium  foil  0-01*^"  thick  was  placed  over  the  radio-active 
material.  The  first  measurement  gave  the  total  activity,  and  the 
second  the  activity  due  to  the  hard  rays.  Uranium-X  separated 
from  uranium  by  the  barium  method  gave  exponential  decay 
curves  with  practically  identical  periods  for  both  types  of  rays. 
Also  the  absorption  curves  of  such  preparations  taken  at  different 
intervals  of  time  after  separation  are  always  of  the  same  shape, 
indicating  that  the  uranium-X  contains  no  other  active  product. 

On  the  other  hand,  when  uranium-X  is  separated  by  the  ferric 
method,  a   rapid  initial  drop  in   the  decay  curve  was   always 
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observed  when  the  preparation  was  uncovered.  The  activity  of 
the  oranium-X  thus  prepared,  when  measured  through  O-Ol*"  or 
more  of  aluminium,  decayed  exponentially  with  the  same  period 
as  the  preparations  obtained  by  the  barium  method.  The  absorp- 
tion curves  of  the  ferric  preparations  show  the  presence  of  a 
much  larger  quantity  of  soft  /3-rays  than  is  found  in  the  barium 
preparations. 

The  decay  curves  for  the  new  radio-active  substance  were 
derived  in  the  following  manner  :  First  the  decay  curves  for  the 
uncovered  ferric  preparation  and  for  the  pure  uranium-X  through 
O'Ci^m  of  aluminium  were  plotted  to  the  same  scale  on  the-same 
sheet.  By  multiplying  the  ordinates  of  the  latter  ourve  by  the 
empirical  constant  2*15  a  curve  was  obtained  which  corresponded 
theoretically  with  the  activity  of  pure  uranium-X  when  uncov- 
ered, that  is,  this  curve  would  have  coincided  throughout  with 
the  decay  curve  for  the  uncovered  ferric  preparation  if  the  latter 
had  contained  no  radio-active  element  other  than  uranium-X.  In 
fact,  these  two  curves  do  coincide  sensibly  for  points  whose 
abscissae  represent  10  or  more  days.  Therefore,  by  subtracting 
the  ordinates  of  the  theoretical  barium  preparation  curve  from 
the  corresponding  ordinates  of  the  experimental  ferric  curve  the 
decay  curve  for  the  newly  discoverea  product  was  obtained  at 
once. 

The  new  substance  was  always  found  to  be  present  in  the  ferric 
preparations.  It  is  characterized  by  the  emission  of  soft  /3-rays. 
All  attempts  to  separate  nranium-Y  in  large  quantities  from 
uranium  were  unsuccessful.  Furthermore,  owing  to  the  very 
similar  chemical  properties  of  uranium-X  and  the  new  product,  it 
was  not  found  possible  to  isolate  the  latter,  for  it  was  always 
accompanied  by  uranium-X.  The  half-value  period  of  uranium-Y 
came  out  consistently  from  all  the  decay  curves  as  about  1*5  days. 

Scintillation  experiments  indicated  both  that  uranium-Y  emits 
some  a-rays,  and  also  that  the  half  period  was  about  1*5  days,  as 
before.  It  should  be  remarked  that  the  number  of  a-particles 
observed  was  small  compared  with  what  would  be  expected  from 
the  /8-ray  activity  of  the  product.  A  study  of  the  initial  por- 
tions of  the  absorption  curves  of  uranium-V  also  leads  to  the 
conclusion  that  a-rays  are  emitted.  The  absorption  coefficients  for 
the  a-  and  /3-rays  are  given  respectively  as  /«  =  2500  (cm.)~*  and 
;*  =  300  (cm.)"'.  Finally,  as  regards  the  position  of  uranium-Y 
in  the  radio-active  series,  Antonoff  concludes  from  all  the  experi- 
mental evidence  that  uranium-Y  is  a  ^^6ra/ disintegration  product 
of  uranium  and  is  produced  in  small  quantity  as  compared  with 
uranium-X. — Phil.  Mag,  (6),  xxii,  419.  h.  s.  u. 

9.  On  a  Method  of  making  Visible  the  Paths  of  Ionizing 
Particles  through  a  Gas, — It  has  been  found  by  C.  T.  R.  Wilson 
that  the  tracks  of  individual  a-  or  /8-particles,  or  of  ionizing  rays 
of  any  kind,  through  a  moist  gas  may  be  made  visible  hj  con- 
densing water  upon  the  ions  set  free.  Not  only  is  it  possible  to 
see  the  paths  of  the  particles,  but  Wilson  has  even  succeeded  in 
photographing  these  paths. 
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Since  the  apparatus  employed  was  simply  a  specially  adapted 
form  of  the  well-known  Wilson  expansion  chamber,  it  does  not 
seem  desirable  to  enter  into  details  of  the  experimental  method 
in  this  place.  All  of  the  results  obtained  by  Wilson's  experi- 
ments are  in  complete  accord  with  the  previously  accepted  inter- 
pretations of  the  various  ionization  experiments,  which  could  not, 
m  the  very  nature  of  the  case,  appeal  directly  to  the  sense  of 
vision.  Such  an  appeal  is,  of  course,  not  at  all  necessary  for 
scientific  progress,  but  a  concrete  or  graphical  representation  of  a 
phenomenon  is  very  satisfying  to  many  minds. 

The  clouds  formed  with  large  expansions,  (V,/V,  >  1*38),  in 
the  absencc'of  ions  showed  a  uniform  distribution  of  drops. 

In  photographing  the  ionization  produced  by  a-rays  a  radium- 
tipped  metal  tongue  from  a  spinthariscope  was  placed  inside  the 
cloud-chamber  and  the  expansion  was  made  after  removal  of  the 
dast  particles.  The  clouas  are  beautiful  and  chiefly  consist  in 
segments  of  straight  lines  which  radiate  from  the  radium  "  point." 
It  is  probable  that  the  most  sharply  defined  lines,  about  o*\^^ 
wide,  alone  represent  the  actual  distnbution  of  ions  immediately 
after  the  passage  of  the  a- particles,  before  any  appreciable  diffu- 
sion has  had  time  to  take  place. 

When  ionization  was  produced  by  j8-rays  two  or  three  abso- 
lutely straight,  thread-like  lines  of  clou<l  were  generally  seen 
radiating  from  the  source.  In  addition,  other  similar  lines  were 
occasionally  seen  crossing  the  vessel  in  other  directions,  and  these 
were  probably  due  to  secondary  )9-rays  from  the  walls  of  the 
vessel. 

When  the  air  in  the  cloud-chamber  is  allowed  to  expand  while 
exposed  to  the  radiation  from  an  X-ray  bulb,  the  whole  of  the 
region  traversed  by  the  primary  beam  is  seen  to  be  filled  with 
minute  streaks  and  patches  of  cloud,  a  few  due  to  secondary 
X-rays  appearing  also  outside  the  primary  beam.  The  photo- 
graph, which  is  reproduced  in  the  paper,  'shows  that  the  cloud- 
lets are  mainly  small,  thread-like  objects,  each  not  more  than  a 
few  millimeters  long,  and  many  of  them  are  much  less  than 
O'l""  broad.  Few  cloudlets  are  straight  and  some  form  com- 
plete loops.  The  results  are  in  agreement  with  Bragg's  hypothe- 
sis that  the  whole  of  the  ionization  by  X-rays  may  be  regarded 
as  due  to  j8-  or  cathode-rays  arising  from  the  A-rays.  The  ques- 
tion whether  the  original  X-radiation  has  a  continuous  wave- 
front,  or  is  constituted  in  the  different  ways  suggested  by  Sir 
J.  J.  Thomson  and  Bragg,  remains  as  yet  undecided. — Proc,  Boy, 
Soc.^  vol.  Ixxxv,  285.  H.  8.  u. 

10.  On  the  Dynamical  Nature  of  the  Molecular  Systems 
which  emit  Spectra  of  the  Banded  Type. — Many  attempts  have 
been  made  to  construct  a  model  of  a  molecule  which  will  possess 
such  dynamical  properties  as  to  radiate  channeled  spectra.  Most, 
if  not  all,  of  these  analytical  investigations  have  been  unsatisfac- 
tory either  because  they  have  led  to  very  complicated  transcen- 
dental equations  which  are  too  general  to  admit  of  comparison 
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between  their  roots  and  the  observed  frequencies  of  spectral  lines, 
or  because  they  have  been  based  on  hypotheses  and  assumptions 
which  are  apparently  inadmissible.  The  present  paper  by  E.  T. 
Whittakbr  is,  on  the  whole,  free  from  these  objections. 

The  author  begins  by  recapitulating  the  experimental  evidence 
which  has  led  most  spectroscopists  to  believe  that  band  spectra 
are  due  to  vibrations  of  the  molecules  and  not  of  smaller  con- 
stituents of  the  radiating  matter.  Attention  is  then  called  to  the 
fact  that  many  properties  of  chemical  substances  are  of  the 
'^additive''  kind.  From  this  fact  it  may  be  inferred  that  atoms 
retain  in  large  degree  their  individuality  when  they  are  com- 
bined with  one  another  to  form  molecules,  so  that  a  molecule  is 
to  be  regarded  not  as  a  complete  rearrangement  of  the  electrons 
or  other  elements  of  which  its  atoms  are  composed,  but  rather  as 
a  system  in  which  the  atoms  exist  with  comparatively  little  altera- 
tion in  their  internal  structure,  but  with  mutual  connections  such 
as  may  be  expressed  by  additional  terms  or  other  modifications 
in  the  dynamical  equations.  Therefore  Whittaker  builds  up  his 
model  from  two  constituent  systems  representing  the  two  atoms 
of  a  diatomic  molecule.  For  mathematical  simplicity  he  also 
supposes  the  atoms  to  be  alike,  so  that  the  molecule  represented 
is  tnat  of  a  chemical  element. 

This  djrnamical  model  is  next  investigated  according  to  the 
well-established  laws  and  processes  of  analytical  mechanics,  with 
the  result  that  a  final  equation  is  obtained  which  expresses  the 
frequencies  of  the  possible  vibrations  of  the  diatomic  system 
explicitly  in  terms  of  suitable  parameters,  etc.  This  formula 
presents  a  certain  peculiarity,  in  that  the  frequency  of  vibration 
occurs  in  it  linearl\/y  whereas  in  the  equation  for  determining  the 
free  periods  of  dynamical  systems  in  general  the  frequency 
enters  by  its  square.  In  the  course  of  the  analysis  the  permissible 
types  of  connection  between  the  atoms  in  the  molecule  are 
arranged  in  three  classes,  each  of  which  is  discussed  at  some 
length.  Whittaker  shows  that  the  gyroscopic  type  of  connection 
is  the  one  which  accords  best  of  all  with  many  of  the  chemical 
and  physical  properties  of  atoms  and  molecules.  Thus,  all  of  the 
assumptions  underlying  the  mathematical  analysis  are  very 
plausible  and  are  consistent  with  experience. 

When  certain  terms  of  the  final  formula  are  omitted,  an  equa- 
tion results  which  is  precisely  of  the  same  form  as  the  empirical 
formula  for  band  spectra  as  discovered  by  Deslandres.  Since  the 
laws  of  Deslandres,  as  embodied  in  his  formula,  are  generally 
looked  upon  only  as  first  approximations  to  a  more  general  law  of 
nature,  Whittaker  points  out  that  the  retention  of  the  terms  of 
his  equation  will  suffice  to  satisfy  the  more  general  case.  Finally, 
it  is  shown  that  a  special  set  of  legitimate  assumptions  leads  to 
Balmer's  empirical  formula  for  the  series  spectrum  of  hydrogen. — 
Proc,  Roy,  /Soc,  vol.  Ixxxv,  262.  h.  s.  u. 
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II.     Geology  and  Natural  History. 

1.  Recent  Contributions  on  Cycadophytans ;  by  G.  R.  Wie- 
I.AND.— After  the  article  on  the  Williamson ian  tribe  (pp.  433-466 
of  this  Journal)  was  in  type,  two  highly  important  contributions 
on  the  subject  by  Nathorst  and  Schuster  came  to  hand  and  are 
here  added  to  the  literature  cited  with  comments : — 

(29)  1911.— Nathorst,  A.  G.  Paleobotanische  Mitteilungen  10.  Ueber  die 
Gattnng  Cycadocarpidium  Nathorst  nebst  einige  Bemerkunges 
fiber  Podozamites.  Kangl.  Svenska  Vet.-Ak.  Handl.,  vol.  xlvi, 
No.  8,  pp.  11  and  pi. 

In  this  brief  paper  Professor  Nathorst  again  displays  his  gift 
for  making  scanty  plant  remains  reveal  the  presence  of  little  sus- 
pected ancient  groups.  As  it  now  turns  out,  Cycadocarpidium 
(Nathorst,  1 886)  is  a  loosely  compacted  strobilus  of  very  leafy 
two-seeded  megasporophylls,  and  is  so  intimately  associated  with, 
and  so  like  the  leaves  of  Podozamites  as  to  leave  no  doubt  but 
that  the  fossils  referred  to  these  genera  are  leaf  and  fruit  of  the 
same  plant. 

On  the  basis  of  the  strobilus  alone,  a  primitive  leafy  cycadace- 
ous  type  (such. as  is  readily  pictured  from  abnormal  cones  of 
JSncephcdartos  described  by  Thiselton-Dyer,  or  those  of  Zamia 
brought  to  notice  by  Wieland)  would  at  once  be  inferred.  But 
it  is  also  shown  by  Nathorst  that  the  leaf-laminsB  of  Podozamites 
are  not  all  ^laterally  borne  pinnules  of  a  once  pinnate  frond  as 
hitherto  considered,  but  are  in  part  the  spirally  borne  leaves  of 
small  scale-covered  stems  of  presumably  limited  growth  and  dis- 
tinctly coniferous  habit ;  from  which  it  is  obvious  enough  that 
Podozamites  is  perhaps  the  first  form  ever  determined  from  that 
unknown  borderland  between  cycads  and  conifers. 

Thus  the  correctness  of  ray  rather  free — even  if  qualified — 
reference  of  Podozamites  to  the  Williamsonian  alliance  is  brought 
under  suspicion.  Though  it  must  be  remembered  that  the  pres- 
ence of  the  small  branches  accompanying  Cycadocarpidium  (or 
better  Podostrobus)  does  not  take  away  from  the  possibility  that 
the  as  yet  wholly  unknown  microsporopbylls  were  of  more  or  less 
distinctly  leafy  to  Williamsonian  type. 

(80)  1911.— Schuster,  Julius.  Welirichia  und  die  Bennettitales.  Kangl. 
Svensk.  Vet.-Ak.  Handl.,  vol.  xlvi.  No.  11,  pp.  57  and  7  pis. 

It  is  always  interesting  to  note  how  repeated  consideration  of 
problematical  fossil  structures  may  serve  to  hasten  the  day  of 
their  elucidation.  Nor  can  a  better  instance  be  cited  than  the 
curious  disk  Welirichia  mirabilis  (Fr.  Braun,  1848).  In  the 
Plantes  Jurassiques  Saporta  refigured  this  fossil  and  for  the  first 
time  divined  its  affinity  to  Williamsonia,  although  utterly  mis- 
apprehending its  true  function  in  supposing  it  to  be  a  funneli- 
form  termination  of  the  strobilar  axis,  of  which  there  is  after  all 
no  definitely  known  instance  in  any  Williamsonian  form. 
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Yet  WeUrichia  seemed  to  be  for  a  second  time  passing  out  of 
view  when  two  years  since  Nathorst  again  figured  it,  called  atten- 
tion to  it  as  an  undoubted  example  of  a  staminate  disk,  and 
further  laid  stress  upon  the  fact  that  Braun  himself  had  shrewdly 
noted  the  close  association  of  these  disks  with  Otozamites  fronds. 
And  now,  sixty-three  years  after  the  early  description  ©f  this 
problematical  there  lies  before  us  the  accurate  restoration  not 
only  of  the  flower  it  proves  to  be,  but  of  the  remarkable  plant 
type  which  bore  it.    This  entire  study  is,  as  we  understand,  based 

Fig.  20. 


n 


Fig.  20.  A.  WeUrichia  mirabilis  Fr.  Braun  ( x  2/5).  From  restoration  by 
Schuster.  B.  Bisporangiate  strobilus  of  a  magnolia  —Cuernavaca,  Morelos. 
The  scars  of  the  dehiscent  stamens  retain  like  the  leafy  carpels  the  ancient 
spiral  order.     [Reviewer's  figure.     Natural  size.  ] 

on  collections  made  sixty  and  more  years  ago  by  the  local  collec- 
tor Weltrich  and  Fr.  Braun  in  the  upper  Rh&t  of  Bayreuth 
(Theta,  Fantasie)  and  Veitlahm,  Franconia. 

As  shown  in  the  accompanying  figure  20,  WeUrichia  with  its 
Otozamites  foliage  and  terminal  flower  does  not  at  first  sight 
appear  very  different  from  the  picture  that  might  be  formed  of 
some  Williamsoiian  species,  the  secondarily  elongated  naked 
instead   of  short  bract   or  scale-leaf  ensheathed  flower-stalk  of 


Digitized  by  LjOOQIC 


Geology  and  Natural  History,  475 

coarse  i*eminding  one  of  recent  cycads.  But  there  are  two  funda- 
mental differences :  firstly,  the  microsporophylls  are  far  more 
leafy  ;  and  secondly,  the  seed  cone  not  only  retains  an  original 
foliar  spiral  in  which  the  fertile  and  stenle  organs  regularly 
alternate,  but  the  seed  stems,  although  bearing  a  single  terminal 
seed  enveloped  by  the  pericarp  of  interseminal  scales  as  in 
Cycadeoideay  also  retain  several  lateral  pairs  of  abortive  seeds, 
beinff  as  truly  carpellary  leaves  as  in  the  case  of  Cycas, 

WeUrichia  thus  unites  a  noteworthy  series  of  characters  and  is 
a  far  older  type  than  either  Cycadeoidea  or  WiUiamaonia ; 
while  the  retention  of  carpellary  features,  with  both  fertile  and 
nonfertile  organs  of  the  ovulate  cone  in  the  original  spiral  order, 
places  beyond  further  controversy  the  reviewer's  interpretation 
of  the  homology  of  these  organs  as  given  in  his  American  Fossil 
Cycads  (pp.  230-232,  etc.,  etc.).  At  the  time  that  work  was 
written  no  undoubted  examples  of  related  flowers  with  spiral 
insertion  of  sporophylls  could  be  pointed  out,  though  Mexican 
ovulate  cones  of  Williamsonian  nature  with  spirally  inserted 
sterile  (?)  organs  of  the  basal  region  (cf.  fig.  14)  were  later  found. 

Schuster  properly  lays  much  stress  on  this  primitive  feature 
and  gives  a  clear  diagram  explaining  once  and  for  all  how  by 
simple  increase  in  number  of  nonfertile  organs  with  lateral  appres- 
sion  and  compensating  change  of  form  the  original  spiral  order 
comes  to  be  hidden  in  the  ovulate  cone  of  Cycadeoidea,  And 
may  not  these  alternant  fertile  and  nonfertile  organs  of  the  Wd- 
trichia  strobilus  go  to  explain  the  ovuliferous  scale  of  the  conifers 
if  Cycadocarpidium  fails  to  do  so  ? 

Easily  the  most  remarkable  character  of  WeUrichia  is  of  course 
the  retention  of  carpellary  leaf  characters  in  a  cone  so  far 
advanced  in  the  direction  of  Cycadeoidea  ;  and  it  goes  without 
saying  that  with  such  rare  evidence  before  him  Schuster  has  been 
in  a  position  to  make  still  more  tangible  the  idea  that  types  like 
WeUrichia  and  WiUiamaonia  are  very  close  indeed  to  the  ances- 
tral forms  leading  into  the  Ranales.  And  to  say  the  least,  this 
opportunity  has  been  used  in  a  highly  effective  and  interesting 
manner.  The  source  of  the  dicotyledonous  foliage  is  at  once 
referred  to  the  old  PterophyUum  line,  while  the  facile  suggestion 
is  made  that  in  Nelitmbium  it  is  the  series  of  organs  in  the  posi- 
tion of  the  interseminal  scales  of  Cycadeoidea  which  is  fertile. 

With  regard  to  the  strict  monophyly  of  the  Angiosperms  we 
cannot  of  course  follow  Schuster  without  some  reservation  of 
doubt.  The  Williamsonian  Tribe  as  the  known  expression  of  an 
enormous  Mesozoic-Paleozoic  complex  may  have  given  rise  to 
lines  of  descent  altogether  too  varied  to  fairly  accord  with  any 
ordinary  limit  or  conception  of  monophyly. 

That  it  has,  on  the  other  hand,  become  more  difficult  than  ever 
before  to  cite  real  differences  between  the  Cycadaceans  and  the 
Williamsonian  alliance  can  finally  escape  no  one.  In  fact  it 
appears  more  and  more  likely  that  in  preRhatic  or  Permian  time 
the  lines  leading  into  these  larger  Cycadalean  groups  were  virtu- 
ally identical.     But  that  tlie  apparent  restriction  of  WeUrichia 
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miroMlis  to  Franconian  horizons  is  evidence  of  either  "  rarity  ** 
or  '^  possible  monotypic  occurrence  "  seems  unlikely.  Sach  forms 
are  easily  overlooked,  or  may  fail  of  collection.  That  for  instance 
the  Helmsdale  and  Eathie  rocks  of  Sutherlandshire,  Scotland,  the 
Rajmahal  series  of  India,  and  the  Oaxacan  series  contain  horizons 
of  the  same  age  as  the  Rhaetic  plant  beds  of  Bayrenth  can 
scarcely  be  questioned  ;  and  that  these  several  regions  are  far 
from  exhausted  is  as  certain  as  the  testimony  of  Hugh  Miller, 
Oldham  and  others  to  the  immense  wealth  of  fossil  plants  they 
contain.     Their  study  afield  and  in  the  laboratory  is  but  begun. 

2.  A  Botanical  Jkxpedition  to  Newfoundland  and  Southern 
Labrador ;  by  M.  L.  Febnald.  Rhodora,  XIH,  pp,  109-162, 
1911. — This  very  interesting  paper  presents  in  Parti  the  journal 
of  the  expedition  (109-135),  while  Part  H  treats  of  the  geo- 
graphic origin  of  the  flora  of  Newfoundland.  It  is  this  second 
part  which  mterests  geologists,  and  especially  students  of  Pleisto- 
cene earth  movements  and  life. 

The  flora  of  Newfoundland  so  far  as  worked  out  by  Femald  is 
made  up  of  783  forms,  of  which  about  200  species  are  clearly 
introduced  by  man.  The  indigenous  plants  can  be  arranged  in 
four  groups  as  follows : 

Boreal  plants  which  occur  to  the  north  of  Newfoundland.  Of 
these  there  are  in  Newfoundland  466  species  or  59*5  per  cent  of 
the  entire  flora. 

Western  or  Canadian  plants  not  reaching  Labrador  ;  27  species 
or  3*5  per  cent  of  the  entire  flora. 

Southwestern  types  (Canadian,  AUeghanian  and  Carolinian); 
274  species  or  35  per  cent  of  the  entire  flora.  More  than  7  per 
cent  of  the  entire  flora  is  restricted  to  the  coastal  sands  repre- 
sented by  the  New  Jersey  Pine  Barrens.  In  a  recent  letter  to 
the  reviewer  Professor  Fernald  states  that  his  second  expedition 
to  southeastern  Newfoundland  has  added  "  nearly  80  species  of 
coastal  plain  origin." 

Endemic  plants  or  species  unknown  on  the  American  continent ; 
16  forms  or  2  per  cent  of  the  entire  flora. 

The  chief  interest  for  geologists  lies  in  the  finding  in  New- 
foundland of  the  New  Jersey  Pine  Barrens  flora.  The  author 
holds,  and  correctly,  that  this  flora  could  have  gotten  to  New- 
foundland only  by  a  continuous  land  bridge  composed  of  coastal 
siliceous  sand  that  must  have  been  in  existence  in  post-Glacial 
times. 

"To  summarize  briefly,  the  indigenous  flora  of  Newfoundland 
consists  primarily  of  plants  which  occur  to  the  north,  in  Labrador, 
or  to  the  southwest,  chiefly  along  the  Atlantic  seaboard  or  the 
Coastal  Plain  ;  the  typical  Canadian  plants,  unless  their  north- 
eastern range  extends  to  the  north  side  of  the  Straits  of  Belle 
Isle,  being  essentially  absent  from  the  island.  The  distance 
between  Newfoundland  and  Labrador  is  not  sufliciently  great  to 
prevent  ready  interchange  of  species  across  the  Straits  of  Belle 
Isle,  but  the  distance  between  Newfoundland  and  Cape  Breton  is 
so  great  that  the  plants  of  the  latter  region  rarely  if  ever  span  it. 
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Birds,  ocean-currents,  drifting  logs  and  ice,  and  winds  prove  to 
be  ineffective  in  carrying  to  Newfoundland  the  plants  from  the 
sonthwest,  so  that  an  ancient  land-bridge  is  suggested.  This  is 
the  more  demanded  from  the  presence  in  Newfoundland  of  a  vole 
and  a  muskrat,  mammals  closely  related  to  species  of  our  coastal 
region.  The  amount  of  water  withdrawn  from  the  ocean  to  form 
the  Pleistocene  glaciers  was  apparently  sufficient  to  leave  exposed 
nearly,  if  not  all,  the  old  coastal  plain  which  now  forms  the  sub- 
merged bench  off  our  coast,  and  in  addition  there  is  unquestioned 
evidence  that  since  the  Glacial  Period  this  coastal  bench  has  been 
much  higher  than  it  is  now ;  so  that  upon  this  now  submerged 
plain,  as  the  ice-front  receded  northward,  the  southwestern  plants, 
most  of  which  still  occur  on  Cape  Cod,  Long  Island,  or  in  the 
Pine  barrens  of  New  Jersey,  must  have  spread  to  Newfoundland, 
where  they  form  now  an  isolated  flora." 

The  author  states  that  he  will  be  glad  to  supply  a  copy  of  the 
paper  here  reviewed  to  those  geologists  who  wish  to  have  it. 

c.  s. 

3.  Topographic  and  Geologic  Survey  of  Pennsylvania. 
RiCHABD  B.  HiCB,  State  Geologist.  1908-1910.  Pp.  103  ;  6 
plates,  4  figures.  Harrisburg,  J  911. —The  present  Survey  of 
Fennsylvania  was  established  in  April,  1899,  when  an  appropria- 
tion for  joint  work  with  the  U.  S.  Geological  Survey  was  made. 
The  chief  work  contemplated  was  the  preparation  of  a  contour 
topographic  map  on  a  scale  of  1 :  62,500  with  20-foot  contours  ; 
for  this  an  annual  appropriation  of  $20,000  for  two  years  was 
made.  The  present  volume,  besides  showing  what  progress  has 
been  made  thus  far,  emphasizes  the  fact  that  as  the  mineral  pro- 
duction of  the  state  is  so  large,  amounting  in  1907  to  $658,000,000, 
or  more  than  $100,000,000  in  excess  of  all  the  states  west  of  the 
Mississippi  River,  the  present  appropriation  is  entirely  inadequate. 
It  is  urged  that  a  sum  not  less  than  $40,000  be  authorized  for 
each  of  the  next  two  years  to  do  the  work  planned.  This  volume 
also  contains  two  papers,  one  on  the  natural  gas  development  in 
Pennsylvania  by  Frederick  G.  Clapp,  and  another  by  Percy  E. 
Raymond,  giving  a  preliminary  list  of  the  fauna  of  the  Allegheny 
and  Conemaugh  Series  in  Western  Pennsylvania.  In  regard  to 
the  former  subject,  the  conclusion  is  reached  that  the  disappear- 
ance of  natural  gas  production  from  the  state  is  certainly  many 
years  distant. 

4.  Virginia  Geological  Survey,  Bxilletin  No,  VI,  Report  on 
the  Mineral  Production  of  Virginia  during  the  Calendar  Years 
1909  and  1910 ;  by  Thomas  Leonard  Watson.  Pp.  v,  123; 
one  figure.  Charlottesville,  1911  (University  of  Virginia). — The 
general  facts  in  regard  to  the  mining  industries  of  Virginia  dur- 
ing the  years  1909  and  1910  are  given  in  this  bulletin.  The  total 
mineral  production  in  1910  amounted  to  nearly  $22,800,000, 
having  increased  from  about  $18,000,000  in  1908.  The  products 
are  varied,  but  those  of  greatest  importance  are  coal,  iron,  and 
clay.  The  bulletin  also  discusses  the  distribution,  occurrence, 
and  development  of  the  mineral  products,  some  forty  in  all,  now 
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exploited  in  the  state.     It  is  interesting  to  note  that  the  rao^ 
prominent  of  these  have  been  worked  since  early  colonial  days. 

Geological  Map. — A  geological  map  of  Virginia,  on  a  scale  of 
1 :  500,000,  has  i*ecently  ^en  issued.  Included  on  the  same  sheet 
are  five  generalized  columnar  sections  taken  from  the  folios  of 
the  U.  S.  Geological  Survey. 

6.  JEkxahydrite^  a  New  Mineral ;  by  A.  A.  Johnstoit.  Sum- 
mary Report,  Geol.  Sur.  Branch  of  the  Dept  of  Mines,  Canada, 
256,  1911. — This  mineral  was  found  on  the  east  bank  of  the  Bona- 
parte river,  about  half  way  between  Cargill  and  Scottie  creeks,  in 
the  district  of  Lillooet,  British  Columbia.  It  occurs  in  the  form 
of  seams  varying  in  width  up  to  one-half  inch,  also  in  scattered 
patches  in  an  altered  schistose  rock.  In  general  the  structure  is 
coarse-columnar  but  occasionally  delicately  fibrous ;  a  poor  pris- 
matic cleavage  was  observed.  The  mineral  has  a  pearly  luster 
with  a  greenish  white  color.  Before  the  blowpipe  it  intumesces 
but  does  not  fuse.  In  the  closed  tube  it  gives  a  large  amount  of 
neutral  water.  It  has  a  bitter,  saline  taste  and  is  readily  soluble 
in  water.  In  solution  it  gives  tests  for  magnesium  and  sulphuric 
acid.  Sp.  gr.  =  1*757.  The  formula  derived  from  the  following 
analysis  is  MgS0^.6H,0.  The  name  of  the  mineral  was  derived 
from  the  six  molecules  of  water  which  it  contains.  In  column  I 
the  results  of  the  analvsis  are  given,  in  column  II  the  same  recal- 
culated omitting  the  silica  as  an  impurity,  and  in  column  III  the 
theoretical  percentages  for  MgS0^.6H,0.  The  mineral  epsomite 
has  the  formula  MgS0,.7H,0. 

I  II  III 

SO, 34-52  35-19  35*09 

MgO 17-15  17-48  16-54 

H,0 46-42  47-33  47-37 

SiO,(in8ol.) 1-78  

99-87  100-00  100-00 

W.  K.  F. 

III.     Miscellaneous  Scientific  Intelligence. 

1.  A  Study  of  Chiriquian  Antiquities ;  by  George  Grant 
MacCurdy,  Ph.D.  Pp.  i-xx,  1-249 ;  pis.  I-XLIX,  figs.  384 
Memoirs  of  the  Connecticut  Academy  of  Sciences.  Vol.  Ill, 
March,  1911.  New  Haven,  Conn.  (Yale  University  Press.) — 
It  is  fortunate  for  the  science  of  archeology  that  the  men  and  the 
means  have  been  found  to  produce  in  such  excellent  style  the 
work  on  Chiriquian  antiquities  to  which  Dr.  MacCurdy  has 
devoted  himself  for  so  many  years.  It  also  speaks  volumes  for 
the  feeling  of  reciprocity  existing  among  the  patrons  of  archeol- 
ogy, the  museums,  and  the  students  of  this  day,  that  Dr.  Mao- 
Curdy  has  had  free  access  to  the  numerous  collections  from  the 
Chiriquian  area,  and  on  account  of  these  facilities  in  examining 
great  series  of  material,  the  work  has  the  scope,  knowledge  and 
adequacy  which  are  its  chief  characteristic. 
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The  work  begins  with  a  historical  introdnction  in  which  the 
principal  sources  are  cited,  and  then  takes  up  the  description  of 
the  antiquities  under  the  various  heads  of  classification.  Every- 
one who  writes  on  this  subject  must  make  ackViowledgment,  as  Dr. 
MacCurdy  has  done,  to  Frofessor  William  H.  Holmes,  whose 
^work  on  the  art  of  Chiriqui  was  the  first  (1884-1885)  which  laid 
down  most  thoroughly  the  principles  for  such  studies. 

The  description  of  these  collections  must  necessarily  be  con- 
-fined  to  artifacts  of  stone,  pottery  and  metal,  which  can  survive 
long  burial,  and,  therefore,  must  be  limited  as  to  other  arts  such 
as  weaving,  basketry,  wood-carving,  etc.  Nevertheless,  the  book 
illustrates  sufficiently  the  culture  status  of  the  tribes  of  ancient 
Chiriqui,  who  rank  in  art  only  in  small  degree  lower  than  the 
Mexicans  and  Peruvians.  In  this  case  it  is  not  wholly  a  question 
of  mere  material — ^rather,  the  skill  in  classifying  and  describing 
what  is  at  hand.  Since  most  of  the  antiquities  were  taken  from 
the  graves  about  50  years  ago,  and  most  of  the  first-class  sites 
exhausted  long  ago,  it  is. hardly  possible  to  accomplish  now  field 
work  that  will  have  adequate  bearing  on  the  collections  in 
museums.  As  illustrations  of  culture  history,  the  Chiriquian 
antiquities  fulfill  their  purpose,  and  as  survivals  of  the  ideas  of  the 
prehistoric  artist,  they  are  of  surpassing  interest,  irrespective  of 
dates,  tribal  provenance  and  other  data,  valuable  if  procurable. 

Dr.  MacCurdy's  work  shows  that  the  symbolic  art  lavished  in 
the  decoration  of  the  artifacts  has  great  scientific  value  and  also 
economic  value  to  students  of  design.  Numerous  examples  are 
given  of  the  transmutations  of  pictorial  motives,  such  as  the  arma- 
dillo, alligator,  fish,  serpent,  and  frog,  which  furnish  an  important 
though  difficult  field  for  the  study  of  symbolic  art.  Dr.  Mac- 
Curdy  concludes  that  there  is  a  general  phylogenetic  trend  in  the 
development  of  Chiriquian  art  as  a  whole  ;  he  states  also  that 
'*  the  results  of  the  present  study  point  to  the  forces  from  within 
rather  than  to  those  from  without,  as  being  the  chief  factors  in 
the  development  of  Chiiiquian  culture^  which  contains  many  ele- 
ments of  fundamental  importance  to  a  complete  history  of  primi- 
tive art.'^ 

A  good  bibliography  and  index  accompany  the  work,  the  illus- 
trations are  numerous  and  excellent,  ana  the  description  of  the 
artifacts  is  according  to  a  high  standard  of  accuracy  and  fulness. 

WALTER  HOUGH. 

2.  National  Academy  of  Sciences, — The  autumn  meeting  of 
the  National  Academy  of  Sciences  was  held  at  the  Public  Library 
in  New  York  City  on  November  21,  22.  President  Bemsen  occu- 
pied the  chair  and  upwards  of  sixty  members  were  in  attendance, 
a  record  probably  never  exceeded.  A  reception  to  the  Academy 
was  given  at  the  American  Museum  of  Natural  History  by  the 
President  and  Trustees  on  Wednesday  afternoon  ;  other  social 
events  added  to  the  attractions  of  an  unusually  interesting  meet- 
ing. 

The  list  of  papers  presented  is  as  follows  : 


Digitized  by 


Google 


480  Sdentijic  Intelligence, 

Simon  Flbxnbr  :  Mode  of  infection  in  infantile  paralysis. 

Jacques  Lobb  :  Oxidations  in  the  cell. 

AxEXis  Carbel  :  Manifest  and  non-manifest  life  of  the  tissues. 

£.  G.  CoNKLiN  :  Cell-size  and  nnclear-size. 

R.  G.  Harrison  :  Protoplasmic  movement  in  embryonic  cells. 

WiLLT  EOkenthal  :  The  biological  significance  of  the  so-called  hairs  of 
the  hairy  frog,  Asiylostemris  robuatus  (Blgr.) 

T.  H.  Morgan  :  Sex  limited  inheritance. 

C.  6.  Davenport  :  Recent  advances  in  the  study  of  eugenics. 

Henrt  F.  Osborn:  The  problem  of  continuity  or  discontinuity  in  the 
origin  of  unit  characters  in  heredity. 

Al^s  Hrdlicka  :  Ancient  man  in  South  America  in  the  light  of  recent 
researches. 

Wm.  Trelxase  :  The  leafy  mistletoes  of  North  America. 

A.  W.  Grabau:  a  comparison  of  the  basal  Paleozoic  in  Northwestern 
Europe  and  Eastern  North  America. 

J.  F.  E[EifP:  New  data  on  the  bed-rock  channel  of  the  Hudson  River. 
The  source  of  the  Saratoga  mineral  springs. 

Alexander  Smith:  Recent  experiments  on  the  effect  of  the  absence  of 
moisture  upon  the  chemical  dissociation  of  calomel  and  other  salts. 

B.  B.  BOLTWOOD  :  Proposed  International  radium  standard. 

M.  I.  PupiN :  Conductors  rotating  in  alternating  magnetic  field. 
T.   B.    Osborne  and  L.  B.  Mendel  :  The  r61e  of  different  proteins  in 
nutrition  and  growth. 

C.  S.  Peirge  :  A  method  of  computation.  The  reasons  of  reasoning,  or 
grounds  of  inferring. 

Charles  D.  Walcott  :  Biographical  memoir  of  Samnel  Pierpont  Langley. 
George  F.  Becker  :  The  remainders  of  certain  mechanical  quadratures. 
H.  L.  Wells  :  A  color-effect  in  isomorphous  crystallization. 

3.  American  Association  for  the  Advancement  of  Science, — 
The  regular  winter  meeting  of  the  American  Association  will  be 
held  in  Washington,  D.  C,  during  the  week  beginning  December 
27.  Dr.  Charles  E.  Bessey  of  the  University  of  Nebraska  is  the 
President.  The  meetings  of  the  usual  affiliated  soicieties,  twenty - 
eight  in  number,  will  take  place  at  the  same  time.  Information 
relating  to  the  meeting  may  be  obtained  from  L.  O.  Howard  of 
the  Smithsonian  Institution. 

Obituaey. 

Louis  Joseph  Troost,  the  veteran  French  chemist,  died  on 
September  30  at  the  age  of  eighty-five  years. 

JProfessor  Auguste  Michel-L6vy,  the  French  geologist. 
Director  of  the  Geological  Survey  of  France,  died  on  September 
25  in  his  sixty-eighth  year. 

Sir  Herbert  Risley,  the  eminent  English  anthropologist,  died 
on  September  30  at  the  age  of  sixty  years. 

Dr.  Florentino  Ameghino,  the  well-known  paleontologist  of 
the  Argentine  Republic,  died  on  August  6. 
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•This  Index  contains  the  general  heads,  Chemistry  (Incl.  chem.  physics), Geology, 
Minerals,  Obituary,  Rocks,  ZoOlogy,  and  under  each  the  titles  of  Articles  referring 
thereto  are  mentioned. 
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